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A review of laboratory and field studies for scour around piers reveals the process of water-pier-
sediment interaction to be complex.  Further, laboratory studies have been conducted under a 
wide range of conditions using flumes of various widths.  Under similar flow conditions, the 
results are quite varied.   The scouring process and empirical design equations are primarily 
based on laboratory data, while the sidewall interference has mostly been ignored.  In the 
present study, effects of wall interference (blockage) on circular bridge pier local scour were 
examined under clear water conditions. Experiments were conducted in two flumes of different 
widths utilizing piers of various diameters producing blockage ratios from 2.2% to 5.0% while 
maintaining constant flow conditions.  Significant blockage effects were observed at ratios 
where it was expected to be absent or reduced.  To further characterize scour depth, the effect 
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       CHAPTER 1 
1 INTRODUCTION 
1.1 Introduction  
Scour is the general process for removal of sediment from an alluvial channel by means of fluid 
flow.  Scour is a common phenomenon, which can occur in a variety of settings in rivers, 
streams, oceans and lakes, particularly where currents are of sufficient velocity to initiate 
motion of sediment.  Flow around structures such as boulders, pipelines, sluice gates and bridge 
piers results in sediment being scoured away from the channel bottom. 
Classification of scour can be done into two categories depending on flow conditions; clear 
water and live-bed scour.  Clear water scour generally occurs in the presence of a fluid-structure 
interaction.  In this case the stream velocity (U) at the sediment surface is less than the critical 
velocity (Uc) for which incipient motion occurs.  For conditions where U exceeds Uc, sediment is 
suspended in the flow and the scour is generally referred to as live-bed scour.  Further, 
classification for scour can be: 
   1) Local Scour 
   2) Constriction Scour 
   3) General Scour 
Local scour is the removal of sediment due to fluid flow around structures that cause 
disturbances in flow.  Examples of the most common structures that cause local scour include: 
sluice gates, bridge piers, spillways, underwater pipelines, etc. Constriction scour occurs in 
conditions where narrowing of the channel results in an accelerated flow.  Occurrences of 
constriction scour are primarily located in bridge alignments and causeways.  General scour 
occurs without the presence of objects to influence the flow.  The most common example of 
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general scour is along a riverbed.  Primary focus of this research deals with local clear water 
scour resulting from the interaction of a bridge pier with the flow.   
Removal of sediment from the immediate vicinity of the foundation of bridge piers affects the 
structural integrity by reducing the lateral support.  Bridge pier scour is a threat to the health of 
bridges and directly influences public safety. Studies in the United States report scour to be the 
second largest cause of failure among bridges, accounting for 15.5% of all failures (Wardhana 
and Hadipriono, 2003). Storm surges resulting from hurricane Katrina resulted in the erosion of 
abutments of numerous bridge piers.  Particularly, scouring of the Chef Menteur Bridge resulted 
in $3.6 million (USD) in damages (Padgett et al., 2008).  Foundations of bridge piers must be 
extended sufficiently below the level at which scour reaches in order to prevent failure.  
Combined with the need for piers to resist ship impact, design for scour can add significantly to 
the construction cost of projects (Jones and Sheppard, 2000).    
Numerous experimental programs have been completed to study scour around bridge piers.  
Researchers have studied flow features such as the horseshoe vortex, stagnation lines and 
velocity distributions around the piers and in the scour holes.  A variety of techniques and 
instrumentation such as Particle Image Velocimetry (PIV), Laser Doppler Velocimetry (LDV), 
Acoustic Doppler Velocimetry (ADV) and Computational Fluid Dynamics (CFD) have been utilized 
to study scour.  Given the large quantity of studies on flow features of the scour phenomena, 
the prediction of maximum scour depth is empirically based on experimental studies and field 
measurements.  Given the large number of factors affecting scour, the prediction equations 
continuously over-predict scour depth (Jones and Sheppard, 2000).  Researchers conduct tests 
in a variety of flumes of different lengths, widths and designs.  Of particular importance, a 
parameter that can affect scour is flume width; relatively narrow flumes with respect to pier 
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diameter result in constriction of flow and the sidewalls influence the results.  Numerous studies 
used to develop design equations have been conducted in relatively narrow flumes and such 
equations seem to over-predict scour geometry. 
The densimetric Froude number is the ratio of the inertial forces to the submerged weight of the 
sand grain particle and has been suggested as an important non-dimensional variable to analyze 
scour.  Densimetric Froude number is generally defined as , where U 
is the stream velocity in the flume, SG the specific gravity of the sediment, d50 the mean 
sediment diameter and g is the acceleration due to gravity.  Researchers have not directly 
studied the effect of densimetric Froude number on maximum scour depth and the scour 
deposit.   
1.2 Objectives 
The objectives of this study are: 
1. To investigate the effect of blockage ratio (D/B) on bridge pier scour. 
2. Investigate the effect of blockage ratio at levels where the blockage effect is generally 
considered to be low or absent. 
3. Investigate relationship of scour hole geometry and sediment deposit on maximum 
bridge pier scour depth. 
1.3 Scope 
The scope of the study is as follows: 
1. Review previous bridge pier scour experimental programs. 




3. Understand the role of densimetric Froude number on bridge pier scour. 
1.4 Organization of Thesis 
The thesis is organized in five chapters.  Chapter 2 deals with literature review of the 
fundamental flow characteristics and experimental programs related to bridge pier scour.  
Chapter 3 covers the experimental setup and procedure used in this study.   Results and analysis 
of the study are presented in Chapter 4.  Conclusions and recommendations for future research 







2     LITERATURE REVIEW 
2.1 Flow Past a Cylinder Without Scour 
Flow past a circular cylinder mounted on a flat plate has been studied extensively as it can be 
related to practical applications such as smoke stacks, windmills, heat exchangers and bridge 
piers.  Previous observations indicate that flow past a cylinder with and without the formation 
of a scour hole have similar flow features.  Consequently a brief review of the flow features 
without scour is first presented.  Figure 2.1 illustrates flow past a circular cylinder without scour.  
Main features include the formation of the boundary layer profile ahead of the cylinder, 
stagnation zone near the cylinder, formation of a horseshoe vortex system at the base of the 



























Flow approaching the cylinder is assumed to be fully developed with a typical boundary layer 
type profile.  As described by Ozturk et al. (2008), as the boundary layer meets the cylinder, the 
resulting pressure gradient causes the flow stream to separate at the base and roll up into a 
vortex.  The resulting vortex at the cylinder-bed interface produces a zone of circulation.  The 
flow stream velocity carries the vortex around the edges of the cylinder and downstream 
magnifying the mixing between the wake and core flow regions (Sahin et al., 2007).  This 
resulting vortex is commonly referred to as the primary horseshoe vortex system. 
The velocity of the flow and cylinder diameter, (i.e., Reynolds number), affects the location, size 
and intensity of the horseshoe vortex.  Increases in the Reynolds number causes the horseshoe 
vortex to move towards the junction between the bed and pier (Ozturk et al., 2008).  
Additionally with the increase in Reynolds number, the cross-sectional area of the horseshoe 
vortex at the centerline of the pier decreases, however its intensity increases.   
Flow characteristics downstream of the cylinder are influenced by velocity, cylinder diameter 
and viscosity, (i.e., Reynolds number).  For conditions when Re < 40, the flow is steady and does 
not separate from the cylinder (Mukhopadhyay et al., 1999).  However, for flows reaching a 
critical Reynolds number, unique to cylinder geometry, the flow becomes unsteady with vortices 
forming and shedding from the cylinder.  This system of vortices contained in the cylinder wake 
is known as the von Kármán vortex street.  Increasing the Reynolds number results in different 
modes of vortex shedding: periodic, symmetric, irregular and agglomeration are shown in Figure 
2.2 (Rao et al., 2004). 
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Figure 2.2: Vortex Shedding Characteristics - Adapted from Rao et al. (2004) 
 
2.2 Scour Process 
Figure 2.3 shows a circular pier with multiple flow features including the formation of vortices, 
pressure gradients and wakes.  Depending on the flow conditions, primarily any or all of the 
following cause local scour: horseshoe vortex system, wake vortex system and the trailing vortex 
system (Breusers et al., 1977).  The incoming flow approaching the pier is assumed to be fully 
developed and turbulent.  At the upstream face of the pier, a stagnation line forms with a 
decreasing pressure towards the bed (Strum, 2001).  This decreasing pressure is caused by lower 
velocities near the bed, which in turn directs the flow downwards on the face of the cylinder.  
8 
 
Ahmed and Rajaratnam (1998) noted that the pressure gradient and corresponding downward 
flow increased in the presence of bed roughness and scour hole.  The downward flow along the 
pier face without a scour hole is approximately 35% of the approach stream velocity, whereas it 










Figure 2.3: Flow Past a Cylinder With Scour 
Downward flow combined with the incoming flow results in the formation of the horseshoe 
vortex at the base of the pier.  The horseshoe vortex forms as the flow travels into the scour 
hole and with the flow (Dey, 1995).  Vorticity of the horseshoe vortex continues downstream 
where it is shed to the side of the scour hole resulting in an increase in shear forces greater than 
those of the stream velocity (Kirkil et al., 2008). The vorticity, when shed against the side of the 
scour hole, results in sediment removal.  Sediment is removed from the scour hole due to the 
energy of the horseshoe vortex being typically greater than the approach flow (Kirkil et al., 
2008).  In addition to the primary horseshoe vortex, secondary vortices are found in the vicinity 
of the primary vortex.  The effect of the horseshoe vortex on the scouring process is directly 
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related to the ratio of flow depth and pier diameter, H/D.  Flow depth has little effect on scour 
depth for H/D > 1-3 (Bonasoundas, 1973).      
Attempts have been made to computationally model the flow around cylinders with different 
levels of success.  Difficulty is encountered due to the large number of variables present.  A 
simplified model produced by Dey et al., (1995) was based on measured velocity components 
from a five-hole pitot sphere in equilibrium clear water conditions.  Particular focus was on the 
large secondary vortex flow in the scour hole and skewed distributions along the pier.  Although 
a complete Navier-Stokes analysis would be the most accurate model for scour around bridge 
piers, the method suggested by Dey et al., (1995) generates a simplified and reasonably 
acceptable method. 
2.3 Prediction Methods for Bridge Pier Scour 
Since scour has been identified as a cause for failure of bridges, researchers have been 
developing prediction methods.  Early prediction methods initially were based on laboratory 
methods; however recent advancements in computer processing power have initiated research 
into computational methods.  Difficulties in producing a reliable prediction method is due to the 
numerous variables affecting scour.  In field conditions, scour is characterized by: 
 
Here, maximum scour depth, pier diameter,  depth of flow,  free stream 
velocity, gravity,  density of water,  viscosity of water, density of sediment, 
 mean sediment size,  geometric particle distribution, pier shape, pier 
alignment to flow. 
 
Early research failed to produce an acceptable method for predicting scour.  However, Laursen 
and Toch (1956) pioneered a research program considering the theory of fluid mechanics and 
sediment transport to develop a method for predicting scour.  Considerations made in the 
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program included: geometry of piers, stream hydraulics, sediment properties and channel 
alignment.  Tests were conducted with individual piers, groups of piers and abutments under 
different flow conditions.  A design method was developed based on laboratory results; 
however, it greatly over-predicted scour depths and was not comparable to field data. 
Research being conducted to complement scour include methods for mitigating the effects of 
scour. A thorough study of local scour around cylindrical piers by Breusers et al. (1977) was 
conducted to develop design suggestions and methods to retard scour.  Methods recommended 
include placing large rocks of sufficient size and weight to resist incipient motion causing shear 
forces and the use of caissons and piles. The research showed scour depth should be normalized 
by the pier diameter: 
 
Further development and refinement of scour depth prediction was undertaken by Melville and 
Sutherland (1988).  Various flow conditions were evaluated including flow velocity, depth, 
sediment size, gradation, pier size, shape and alignment.  Maximum equilibrium scour depth 
was approximately equal to 2.4D.  To facilitate design the maximum scour depth is reduced by 
factors dependent on flow parameters. The equation developed is strictly empirical and based 
on laboratory data.  Scour depth is written in the following form: 
 
 
Here,  flow intensity parameter, flow depth parameter, sediment size 
parameter,  sediment gradation parameter, pier shape parameter, pier 




Currently used as a design equation by the Federal Highway Administration of the United States 
is the HEC-18 equation (FHWA, 2001), which is base on the Colorado State University formula.  
Richardson et al. (1990), developed the Colorado State University, the equation is primarily 
based on laboratory experiments and field data.  The HEC-18 equation can be written as:   
 
  
Here,  Froude number ( ), H = depth of flow, D = pier diameter,  dimensionless 
shape coefficient for pier nose (1.0 for cylinder),  dimensionless flow attack angle 
coefficient ( ) where  is the angle at which flow approaches the cylinder, 
 Correction factor for bed conditions,  Correction factor for armoring of bed material.  
It should be noted that characterization of the densimetric Froude number is not included in the 
design equation.   
2.4 Bridge Pier Scour Research in the Laboratory 
Simulation of local pier scour in the laboratory introduces different variables not found in field 
conditions.  Examples include: scale, artificial flow conditions and blockage.  Experiments 
performed in laboratories typically utilize a tilting flume with a circulating pump and moveable 
bed.  Experimental investigations include different combinations of flow velocity, sediment size, 
flow depth, pier diameter, shape and arrangement.    
 Scaling is identified by Ettema et al. (1998) to be an important issue in pier-scour experiments 
as equilibrium scour depth does not scale linearly.  This is primarily due to the impracticability of 
geometrically scaling pier, flow and sediment in unison when comparing laboratory to field 
parameters.  Particularly in laboratory settings, scale effect will have a tendency to over-
estimate scour depth relative to field conditions.  This results in equations derived from 
laboratory results that over-estimate scour depth when applied to field applications.  
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Attempting to mitigate scale effects, Sheppard et al. (2004) conducted large scale experiments 
investigating local scour occurring under clear water conditions.  A dependence of ds/D on D/d50 
was clearly shown for large values of D/d50 in prototype conditions.   
The time to reach equilibrium scour depth in the field does not occur at the same rate as in 
laboratory conditions.  Initially scour progression occurs quickly, but in time the rate of scour 
decreases. Maximum scour depth is reached exponentially (Melville and Chiew, 1999).  
Approximately, 50 to 80 % of scour depth is reached within 10 % of the time to reach 
equilibrium depth.  Time to reach equilibrium scour depth is a function of H/D, U/Uc and d50/D.   
Researchers have conducted laboratory studies for bridge pier scour over a wide range of 
variables including velocity, sediment size, pier diameter, flow depth and time.  A 
comprehensive review of laboratory results (Figure 2.4) shows the range at which ds/D varies 
with Fd.   Sediment size and velocity are non-dimensionally characterized by the densimetric 
Froude number.  As reported by Bonasoundas (1973), flow depth to pier diameter has a limiting 
influence on scour depth for H/D > 2.6.  Only tests for which H/D > 2.6 are presented in the 
figure to remove the effect of flow depth on scour depth.  To ensure results reached relative 
equilibrium scour depth, a minimum test time of 48 hours is considered.  For a visual 
representation, a best-fit linear line is also drawn on the figure.  The data clearly is scattered 
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Figure 2.4: Variance of Maximum Scour With Fd 
 
 
Further analysis of prior research is done by categorizing D/d50 into ranges while comparing Fd 
with respect to ds/D in Figure 2.5.  The curve in the figure represents the trend for two large 
ranges of D/d50.  In each range of D/d50 shown in the figure, ds/D increases with increasing Fd.  In 
a practical range, the lower curve will be more useful to predict scour.  It should be remarked 
that effects such as blockage are not accounted for in the figure. 
Figure 2.6 shows individual plots for the categorized D/d50 ranges.  A general trend is noted as 
the range of D/d50 increases, a lower value of ds/D is reached with respect to Fd.  However there 








Figure 2.6i do not asymptotically approach a ds/D value since the range for which Fd is available 
is relatively small, resulting in a partial data due the range at which Fd are available.   
















































































































































(f) 90 < D/d50 < 125 
Figure 2.6: Effects of Fd on  ds/D and Categorized by D/d50 
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(g) D/d50 > 300 
Figure 2.6: Effects of Fd on ds/D and Categorized by D/d50 (continued) 
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2.5 Issues with Scour Research in the Laboratory 
Researchers have utilized flumes of different designs that consequently affect the flow 
characteristics and thus scour.  Variations in flume parameters include length, width, sediment 
box design and slope.  These variations may potentially have a considerable effect on maximum 
scour depth resulting in conflicting data between otherwise similar test conditions.  Results of 
laboratory tests are often published while failing to report key characteristics of the flume used.  
Of particular importance affecting flow characteristics is the blockage ratio D/B resulting from 
the pier and flume width, respectively.  Chiew (1984) defines acceptable levels of blockage to be 
less than 10% so as not to significantly affect the flow characteristics.  Review of experimental 
programs has shown that the recommended blockage limit is often exceeded.  Figure 2.7 shows 
a 0.915 m diameter bridge pier used by Sheppard et al. (2004) in a 6.1 m wide flume with a 
corresponding D/B value of 15%, which exceeds acceptable limits defined by Chiew (1984).   As 
one can note from Figure 2.7, scour can occur very close to the sidewall. 
 
Figure 2.7: Large Scale Test, D/B = 6.15, Sheppard et al. (2004) 
 










Table 1  summarizes previous work.  Minimum and maximum blockage ratios are reported 
ranging from 1% to 25%.  It is evident that research is being conducted where the acceptable 
blockage ratio is exceeded.  Exceeding the blockage can perhaps contribute  to over-prediction 
and unintended influence of scour depth. 
 
 










Ratio   
D/B (%) 
Johnson and Torrico (1994) 
Min. 0.06 1.8 3.3 
Max. 0.25 1.8 14.1 
Dey (1995) 
Min. 0.05 0.8 7.0 
Max. 0.07 0.8 9.4 
Melville and Sutherland (1998) 
Min. 0.04 - 0.1 
Max. 0.76 - 2.6 
Ahmed and Rajaratnam (1998) 
Min. 0.06 1.2 5.2 
Max. 0.11 1.2 8.9 
Mia and Nago (2003) 
Min. 0.04 0.6 7.8 
Max. 0.15 0.6 25.0 
Sheppard et al. (2004) 
Min. 0.11 6.1 1.8 
Max. 0.91 6.1 14.9 
Sheppard and Miller (2006) 
Min. 0.15 1.5 10.1 






2.6 Evaluation of Literature Review 
The literature review in this chapter has discussed flow features around a cylinder with and 
without scour.   Researchers have studied flow characteristics around cylinders to explain the 
scour mechanism.  Safe design of bridge piers relies on the capability to predict scour depth.  
Researchers have responded with the development of design equations to predict scour depth 
primarily based on laboratory experiments.  However, these equations over-predict scour depth 
when compared to field values, this leads to unnecessary construction costs.  Numerous 
parameters have been identified which affect maximum scour depth.  However, review of 
previous work has revealed numerous experiments that have been conducted in relatively 
narrow flumes.  As well, densimetric Froude number has been identified as an important 








3 EXPERIMENTAL SETUP AND PROCEDURE 
3.1 Experimental Setup 
This study utilizes two flumes available at the University of Windsor Hydraulic Engineering 
Laboratories.  Both flumes are of similar design with minor variances.  Figure 3.1 shows a 
schematic of a flume 900 mm wide, 11.3 m long and 0.6 m deep.  Inside the flume is a box 
containing the alluvial channel bed with dimensions 3.5 m long, 0.2 m deep and spanning the 
width.  Upstream of the sediment box leading to the sand bed is a 1.5 m long ramp.  A variable 
speed pump supplies the water, which discharges into the flume through a large diameter 
manifold.  The fluid passes through two sets of flow straighteners.  Located at the end of the 
ramp is a 3 mm diameter trip to ensure fully developed flow at the measurement station.  Flow 
continues along the length of the flume and empties into a sump where it is recirculated by the 
pump.  A second flume 600 mm wide, 14.6 m long and 1 m deep is shown in Figure 3.2.  The 
sediment box contained in the flume is 2.13 m long 0.2 m deep with the leading ramp 0.91 m 








































Cylinders of various diameters ranging from 0.010 to 0.045 m were used to model bridge piers.  
Placement of cylinders in the flume is shown in Figure 3.1 and Figure 3.2.  Cylinders were 
constructed from commercial grade aluminum stock and turned down to the required size on a 
lathe before being polished.  Prior to commencement of experiments, cylinders were centered 
and fixed to a vertical support within the flume. 
Contained in the sediment box is a commercially available alluvial sand bed.   Performing an 
ASTM sieve analysis shown in Figure 3.3, the mean sediment size (d50) is determined to be 0.85 
mm.  The measured value corresponds with the size specified by the manufacturer. Specified by 
the manufacturer, the uniformity coefficient, (  is 1.4.  Sand with Cu < 4 are 
considered uniform soils (Das, 2005).  Coefficient of gradation,  is valued at 
1.03, Cc 1 is regarded as well graded soils (Das, 2005).  Sediment used in this experimental 
program can be considered to be non-cohesive and of uniform size.  Prior to commencement of 


















Figure 3.3: Sieve Analysis 
 
3.2 Test Procedures  
Prior to commencement of each experiment, the sand bed is carefully leveled using a trowel and 
a carpenters level to ensure surface irregularities do not propagate and influence scour around 
the pier.  Placement of the pier is done so as not to disturb the surrounding bed surface and to 
ensure the elevation remains flat.  Fixture of the pier is done by a clamping system so as to 
ensure pier movement does not occur during the test.   The flume is slowly filled with water and 
allowed to stand for a few hours prior to operation of the pump; this ensures the  sediment 
does not move and trapped air bubbles among the sediment grains are removed.  Operation of 
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the flume continued for 168 hours (seven days) for all tests to ensure that an equilibrium scour 
state is reached. 
During each experiment, the velocity is periodically monitored using an Acoustic Doppler 
Velocimeter (ADV).  Operation of the ADV requires seeding of the flow with titanium dioxide to 
provide a medium for sound waves to reflect back to the device.  Stream velocity is measured 
upstream of the pier using the ADV in the centre of the flume.  The typical ADV setup is shown 
in Figure 3.4.  Upon completion of the test, the flume was allowed to slowly drain.  Detailed 
photographs of the scour hole and deposit are taken at a fixed point above the flume with 
surrounding spotlights.  Various profiles and outlines are measured as depicted in Figure 3.5.  
Measurements are taken individually using a manual traverse and caliper system as shown in 
Figure 3.6.   
As expected with every experimental program are sources of errors.  Precautions have been 
taken to ensure the accuracy of measurement equipment produces acceptable results.  All 
experiments were completed using the same measurement equipment to ensure uniformity of 




Figure 3.4: Typical ADV Setup 
  
 













Figure 3.6: Manual Traverse System to Measure Scour Formation 
3.3 Experimental Program 
Various tests were conducted to study the effects of blockage ratio and densimetric Froude 
number on bridge pier scour.  To study the effect of blockage ratio, five different experiments 
were conducted in two different flumes.  Table 2 outlines test conditions.  The objective of the 
study is to maintain identical flow conditions and blockage ratios between the two flumes of 
different widths while comparing the resulting scour formations.  Table 3 outlines the 
experimental program to study the effect of densimetric Froude number.  The tests were 




























B1 0.02 0.10 0.25 0.60 0.76 3.0 0.25 2.1 
B2 0.02 0.10 0.25 0.90 0.76 2.0 0.25 2.1 
B3 0.03 0.10 0.25 0.60 0.76 5.0 0.25 2.1 
B4 0.03 0.10 0.25 0.90 0.76 3.0 0.25 2.1 
B5 0.05 0.10 0.25 0.90 0.76 5.0 0.25 2.1 
 

















D1 0.01 0.10 0.29 0.90 0.88 1.0 0.29 2.5 
D2 0.02 0.10 0.29 0.90 0.88 2.0 0.29 2.5 
D3 0.03 0.10 0.29 0.90 0.88 3.0 0.29 2.5 
D4 0.01 0.10 0.25 0.90 0.76 1.0 0.25 2.1 
D5 0.02 0.10 0.25 0.90 0.76 2.0 0.25 2.1 
D6 0.03 0.10 0.25 0.90 0.76 3.0 0.25 2.1 




4 RESULTS AND ANALYSIS 
4.1 Bridge Pier Local Scour Process 
Figure 4.1 illustrates a typical scour hole and sediment deposit resulting from a bridge pier scour 
experiment.  Important variables include the maximum scour hole depth (ds), sediment deposit 
height (T), sediment deposit width (W), scour hole width (S) and pier diameter (D).  The 
Cartesian coordinate system used is also shown in the figure.   
A visual description of the scour process is presented below.  Initiation of sediment in the flume 
begins once the pump reaches operating speed.  Particles at the upstream face of the pier-bed 
interface are the first to be removed from the bed by a small vortex structure.  Sediment 
particles are transported downstream around the pier and deposited in a heart formation.  
During the first few hours, the heart shaped deposit is relatively short in the x-direction while 
being steep in the z direction.  With time, the scour hole grows in x, y and z-directions while the 
deposit elongates.  Depending on the pier diameter, secondary sediment deposits may form and 
continue downstream of the primary deposit.  The majority of the scour occurs within the first 
24 hours, afterwards growth continues slowly.  It should be noted that intermittently there are 
short periods when scour progression seemed to occur in bursts.  This action reduced with time.  
Intermittent bursts were more prevalent for the larger pier diameters.  Further details and 






























4.2 Effect of Blockage 
Figure 4.2 shows the plan view of the scour hole and the primary sediment deposit for the 
various flow conditions.  Velocity is kept constant at 0.25 m/sec during the tests. Figure 4.2 
provides a comprehensive plan view of the perimeter of the scour holes and the deposits.  The 
legend in the figure provides the size of flume, the pier diameter and corresponding blockage 
ratio.  The general shape of the scour hole and sediment deposit remain similar over the range 
of tests.  As expected, there is a general increasing trend for the scour hole and deposit 
dimensions with increasing pier diameter.  As seen in Figure 4.2, the 20 mm pier in the 900 
flume (D/B=2.2%), generates the smallest hole and deposit for identical flow conditions.  
Maintaining the flume width but increasing the blockage ratio, the scour hole and deposit size 
increases slightly when D/B changes from 2.2% to 3.3%, but the scour geometry increases rather 
abruptly from 3.3% to 5.0%.  The change in geometry with changes in blockage from 3.3% to 
5.0% in the 600 mm flume is also large.   
Figure 4.3 presents is the non-dimensional plan view of the scour hole and sediment deposit 
normalized by pier diameter.  Similar to Figure 4.2, the scour hole and sediment deposit 
geometry increases respectively with pier diameter.  Scour hole and sediment deposit shape are 
similar between the piers and flumes used.   For the same pier diameter, the scour geometry is 
larger in the 600 mm flume.  Further, at the same blockage ratio, the scour geometry is not the 
same.  
Photographs in Figure 4.4 and Figure 4.5 show the scour formations in the 600 mm and 900 mm 
flumes, respectively.  Scour holes and sediment deposits are mostly symmetrical about the x-
axis.  Progressively, as pier diameter increases, the size of the scour hole increases.  Depending 
on flume width, the formation of secondary scour features downstream of the primary deposit 
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are observed.  Single secondary formations developed for the conditions in Figure 4.4a, Figure 
4.5a and Figure 4.5b, whereas a series of repeating formations for the 45 mm diameter pier are 
observed in Figure 4.5c and Figure 4.6.  After 168 hours of testing, the repeating formations 

















600mm flume, 20mm pier, D/B=3.3%
600mm flume, 30mm pier, D/B=5.0%
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900mm Flume, 45mm Pier, D/B=5.0%
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(b) 30 mm pier 
Figure 4.4: Plan View Photos of Scour Holes and Sediment Deposits in 















(a) 20 mm pier 
 
(b) 30 mm pier 
 
(c) 45 mm pier 
Figure 4.5: Plan View Photos of Scour Holes and Sediment 











Figure 4.6: Plan View Photo of 45 mm Pier - Multiple Sediment Formation 
Figure 4.7 presents scour hole and deposit perimeter profiles in a non-dimensional fashion at 
different blockage conditions.  Clearly one can note from Figure 4.7a and Figure 4.7b that at a 
constant blockage ratio, the scour hole is larger in the smaller flume.  Even though there are 
increases in geometry, the formations maintain similarity in shape at the same blockage ratio.  
Further, Figure 4.7c and Figure 4.7d show that, for a constant pier diameter and very low 
blockage ratios, scour geometry is significantly different.  The upstream leading edge location of 
the scour hole significantly differs in different flumes.  Sediment deposits of the 20 mm pier 
closely correlate, yet significant differences in shape and size are observed with the 30 mm pier.  
This is a clear indication that blockage ratio is important but there are other parameters 
controlling the scour processes.  One should note that these blockage ratios are relatively small.  
Even for the maximum value of D/B = 5.0%, which is in a range previously considered to have no 
blockage effects, the present results show that blockage influences the flow field.  This is a 
further indication that previous empirical equations of scour estimation need to be 
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(a) Scour Hole and Deposit, D/B = 3.3% 
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(c)  Scour Hole and Deposit, D = 20 mm 
 
(d) Scour Hole and Deposit, D = 30 mm 
 





























Shown in Figure 4.8 are centerline profiles of scour holes and sediment deposits.  Upstream of 
the pier, the profile of the scour hole is steep and reaches maximum scour depth a short 
distance upstream of the pier.  The elevation of scour at the downstream pier face is relatively 
higher than the upstream face.  Downstream of the pier, the profile is less steep.  Definition of 
the sediment deposit initiation is the point from which the elevation becomes positive.  The 
deposit continues with a slight plateau followed by a steep decrease in elevation.  As expected, 
the maximum scour depth, sediment deposit length and height progressively increase with pier 
diameter. 
It is interesting to note conflicting results are observed when we consider the experiment 
conducted in two different flume widths with the same pier diameter.  Deeper scour depths are 
generated in the 600 mm flume than the 900 mm wide flume.  Similarly, for the same size pier 
diameter, the deposit is longer in the 900 mm flume.  This is clearly illustrated in Figure 4.8, the 
region between A and B is significantly shorter than C and D.  Further, for D = 30, mm a longer 
deposit is produced in the 600 mm flume compared to the 900 mm.    
Figure 4.9 shows the non-dimensional centerline scour profiles and the resulting scour deposit.  
Close correlation of upstream scour hole profiles are noted for the 20 mm and 30 mm piers in 
the 900 mm flume.  A similar observation may also be noted in the 600 mm flume.  This directly 
shows that the effect of pier diameter on scour depth is low while being influenced by the flume 
width.  One can conclude from these observations that for experiments conducted in the same 
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Figure 4.9: Non-Dimensional Centre Profile 
 
Comparing blockage ratios in Figure 4.10a and Figure 4.10b, a general trend in the shape of the 
profile is somewhat observed, dissimilarities between the sediment deposit shapes is noted in 














blockage ratios.  For the same blockage ratio, the shape of the profile is similar, but the profile 
as a whole is not the same.  The blockage ratio of 3.3 % produces a significantly deeper scour 
hole compared to 2.2 %.  Following a similar trend as in Figure 4.10c, a deeper maximum scour 
depth is noted in Figure 4.10d with the increasing blockage ratio.  













600mm flume, 20mm pier, D/B=3.3%















600mm flume, 30mm pier, D/B=5.0%
900mm Flume, 45mm Pier, D/B=5.0%
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(a) Non-Dimensional Centre Profile, D/B = 3.3% 
 












600mm flume, 20mm pier, D/B=3.3%














600mm flume, 30mm pier, D/B=5.0%




(c) Non-Dimensional Centre Profile, D = 20 mm 
 



















Figure 4.11a and Figure 4.11b show the plan view scour hole profiles, compared with the results 
of (Dey and Rakir, 2007).  It should be noted that many of the test parameters used in the 
present study are comparable with those of Dey and Rakir  (2007) with the exception of the 
blockage ratio D/B = 13.3%.  Clearly the profile of Dey and Rakir (2007) extends all the way to 



















Dey and Rakir (2007), D = 120 mm, D/B=13.3%
Present, D = 10 mm, D/B = 1.1%
Present, D = 20 mm, D/B = 2.2%



















Dey and Rakir (2007), D = 120 mm, D/B=13.3%
Present, D = 10 mm, D/B = 1.1%
Present, D = 20 mm, D/B = 2.2%










Table 4 summarizes important physical characteristics of the scour hole and sediment 
formations measured during the experimental program.  Maximum scour depth and hole width 
noticed in the 600 mm flume exceeds that in the 900 mm flume.  Tests conducted in the 600 
mm flume also produce a greater sediment deposit height and width dimensions.  Overall, 
Figure 4.7 - Figure 4.11 show a direct relation of scour hole and sediment deposit on pier 
diameter and flume width.  Scour results vary when compared from piers of equal diameter that 
were conducted in flumes of differing widths.  From this, it can be concluded that flume width 
directly influences the observation of bridge pier scour phenomenon in experimental studies.  
However, there are still inconsistencies within the results leading to the conclusion that the 
influence of variables need to be further investigated.     




Pier Diameter (mm) 20 20 30 30 45 
Flume Width (mm) 600 900 600 900 900 
Physical Characteristic      
Maximum Scour Hole Depth (mm) 24.7 19.3 44.3 26.7 55.0 
Maximum Scour Hole Width (mm) 54.0 41.0 108.0 64.0 121.0 
Maximum Deposit Height (mm) 15.2 18.3 18.8 24.0 35.3 





4.3 Effect of Densimetric Froude Number 
Further investigation into the effect of densimetric Froude number was carried out to help 
clarify the bridge pier scour phenomena.  Though prior research has briefly identified 
densimetric Froude number as an important parameter, no studies have been conducted.  Two 
different densimetric Froude numbers were investigated, Fd = 2.1 and 2.5 with various pier 
diameters (D = 10, 20 and 30 mm).  All other parameters are maintained (B = 900 mm, d50 = 0.85 
mm, H = 0.10 m, time = 168 hrs) the same. 
Figure 4.12a and Figure 4.12b show scour geometry at two different densimetric Froude 
numbers.  Clearly, when the densimetric Froude number is held constant while increasing the 
pier diameter, the scour geometry gradually increases.  Even though the largest blockage found 
is 3.3%, there are differences in the profiles.  There is a greater tendency for the scour hole 
profiles to converge for the same value of Fd.  A similar observation can be made at the higher 













































(a) Fd = 2.1 
 
(b) Fd = 2.5 
 





Figure 4.13 shows the effect of densimetric Froude number when the pier diameter is held 
constant.  For a relatively small change in densimetric Froude number (Fd = 2.1 and 2.5), the 
corresponding change in the plan view of the scour geometry is relatively large.  The effect of 


































































(c) D = 30 mm 





The centerline profiles in Figure 4.14a and Figure 4.14b confirm the previous observation that at 
low values of blockage ratio the upstream profile tends to converge.  Whereas, downstream of 
the pier, large differences are noted.  Similar observations are noted at both studied densimetric 














































Figure 4.14: Scour Hole and Deposit Profiles – Fd = 2.1 and Fd = 2.5 
 
 
Figure 4.15 shows the effect of densimetric Froude number on scour formations while keeping 
pier diameter constant.  As expected, scour formations increase in size with respect to 
increasing densimetric Froude number.  A general trend is noticed where the upstream face of 
the scour hole increases with a very large increase in scour depth and deposit length.  The 
difference in deposit length is shown in Figure 4.15 by L1 and L2.  Additionally, scour deposit 
heights remain the same at different densimetric Froude numbers for identical pier diameters.  
It is also noted that an increasing effect of densimetric Froude number on maximum scour 
depth is observed for the larger pier diameters.  Overall, pier diameter has a greater effect on 






























































(c) D = 30 mm  










5 CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions  
The objective of this study was to account for discrepancies of scour geometry influenced by 
flume width in a laboratory setting.  To maintain consistency with previous researchers, circular 
bridge piers in clear water conditions were used .  Blockage ratios were varied by utilizing piers 
of different diameters and flumes of different widths, while maintaining all other flow 
conditions constant.  Additional tests were completed to further analyze the relationship 
between scour geometry and densimetric Froude number.  The following conclusions can be 
drawn from the study:  
1. Previous pier scour experimental programs have been conducted in flumes of various 
widths and blockage ratios (D/B).  Published studies indicate blockage ratios may have 
exceeded acceptable levels in previous research programs.  Nevertheless, the results 
have been used to develop scour predictions equations. 
2. Present results indicate scour geometry is not the same for the same blockage ratio 
even when the blockage ratio is small.   
3. Larger scour formations and maximum depth are found to occur in a narrower flume 
with a larger blockage ratio, when all other conditions are kept constant.  Previously, 
blockage effects were considered to be absent for D/B < 10%.  However, extensive 
blockage effects are observed at relatively small blockage ratios (2.2% < D/B < 5.0%) in 




4. Densimetric Froude number is shown to produce a significant influence on scour 
geometry.  Small changes in the absolute value of Fd can have a large influence on the 
maximum scour depth.   
5.2 Recommendations 
This study confirms that flume width directly affects bridge pier scour in the laboratory setting.  
Additionally, densimetric Froude number is an important variable that characterizes scour.  The 
following recommendations are made to further refine the study: 
1. The effect of densimetric  Froude number on bridge pier scour by varying sediment 
diameter and specific gravity in addition to flow velocity needs to be studied.  
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Test No. T.8.6.2.033 Flume Width (mm) 600
Velocity (m/sec) 0.248 Pier Diameter (mm) 20
Length Wise Profiles Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-60.00 0.00 0.00 -3.00 0.00 0.00 -60.00 22.50 0.00 -3.00 1.13 0.00
-55.00 0.00 0.30 -2.75 0.00 0.02 -55.00 22.50 0.78 -2.75 1.13 0.04
-50.00 0.00 0.60 -2.50 0.00 0.03 -50.00 22.50 0.46 -2.50 1.13 0.02
-45.00 0.00 -0.60 -2.25 0.00 -0.03 -45.00 22.50 -1.69 -2.25 1.13 -0.08
-40.00 0.00 -5.10 -2.00 0.00 -0.26 -40.00 22.50 0.13 -2.00 1.13 0.01
-35.00 0.00 -8.40 -1.75 0.00 -0.42 -35.00 22.50 -1.46 -1.75 1.13 -0.07
-30.00 0.00 -11.24 -1.50 0.00 -0.56 -30.00 22.50 -7.53 -1.50 1.13 -0.38
-25.00 0.00 -16.96 -1.25 0.00 -0.85 -25.00 22.50 -10.10 -1.25 1.13 -0.51
-20.00 0.00 -21.33 -1.00 0.00 -1.07 -20.00 22.50 -12.36 -1.00 1.13 -0.62
-15.00 0.00 -23.58 -0.75 0.00 -1.18 -15.00 22.50 -14.19 -0.75 1.13 -0.71
-10.00 0.00 -24.66 -0.50 0.00 -1.23 -10.00 22.50 -15.82 -0.50 1.13 -0.79
-5.00 0.00 -22.06 -0.25 0.00 -1.10 -5.00 22.50 -18.73 -0.25 1.13 -0.94
0.00 0.00 -22.06 0.00 0.00 -1.10 0.00 22.50 -18.09 0.00 1.13 -0.90
5.00 0.00 -22.06 0.25 0.00 -1.10 5.00 22.50 -17.05 0.25 1.13 -0.85
10.00 0.00 -19.45 0.50 0.00 -0.97 10.00 22.50 -16.62 0.50 1.13 -0.83
15.00 0.00 -17.22 0.75 0.00 -0.86 15.00 22.50 -14.10 0.75 1.13 -0.71
20.00 0.00 -16.82 1.00 0.00 -0.84 20.00 22.50 -13.56 1.00 1.13 -0.68
25.00 0.00 -15.05 1.25 0.00 -0.75 25.00 22.50 -11.39 1.25 1.13 -0.57
30.00 0.00 -12.87 1.50 0.00 -0.64 30.00 22.50 -9.78 1.50 1.13 -0.49
35.00 0.00 -9.68 1.75 0.00 -0.48 35.00 22.50 -9.36 1.75 1.13 -0.47
40.00 0.00 -8.41 2.00 0.00 -0.42 40.00 22.50 -8.03 2.00 1.13 -0.40
45.00 0.00 -5.27 2.25 0.00 -0.26 45.00 22.50 -6.67 2.25 1.13 -0.33
50.00 0.00 -5.21 2.50 0.00 -0.26 50.00 22.50 -5.89 2.50 1.13 -0.29
55.00 0.00 -3.03 2.75 0.00 -0.15 55.00 22.50 -3.83 2.75 1.13 -0.19
60.00 0.00 -2.88 3.00 0.00 -0.14 60.00 22.50 -2.80 3.00 1.13 -0.14
65.00 0.00 -0.73 3.25 0.00 -0.04 65.00 22.50 -0.83 3.25 1.13 -0.04
70.00 0.00 1.82 3.50 0.00 0.09 70.00 22.50 1.73 3.50 1.13 0.09
75.00 0.00 5.62 3.75 0.00 0.28 75.00 22.50 3.58 3.75 1.13 0.18
80.00 0.00 6.35 4.00 0.00 0.32 80.00 22.50 4.58 4.00 1.13 0.23
85.00 0.00 8.80 4.25 0.00 0.44 85.00 22.50 6.20 4.25 1.13 0.31
90.00 0.00 9.53 4.50 0.00 0.48 90.00 22.50 6.93 4.50 1.13 0.35
95.00 0.00 10.96 4.75 0.00 0.55 95.00 22.50 8.14 4.75 1.13 0.41
100.00 0.00 11.04 5.00 0.00 0.55 100.00 22.50 8.34 5.00 1.13 0.42
105.00 0.00 12.13 5.25 0.00 0.61 105.00 22.50 9.74 5.25 1.13 0.49
110.00 0.00 14.25 5.50 0.00 0.71 110.00 22.50 10.34 5.50 1.13 0.52
115.00 0.00 14.46 5.75 0.00 0.72 115.00 22.50 11.50 5.75 1.13 0.58
120.00 0.00 14.62 6.00 0.00 0.73 120.00 22.50 11.47 6.00 1.13 0.57
125.00 0.00 15.20 6.25 0.00 0.76 125.00 22.50 10.82 6.25 1.13 0.54
130.00 0.00 12.47 6.50 0.00 0.62 130.00 22.50 11.43 6.50 1.13 0.57
135.00 0.00 5.94 6.75 0.00 0.30 135.00 22.50 10.34 6.75 1.13 0.52
140.00 0.00 0.87 7.00 0.00 0.04 140.00 22.50 6.58 7.00 1.13 0.33
145.00 0.00 -0.47 7.25 0.00 -0.02 145.00 22.50 2.68 7.25 1.13 0.13
150.00 0.00 -0.97 7.50 0.00 -0.05 150.00 22.50 -2.05 7.50 1.13 -0.10
155.00 0.00 -1.87 7.75 0.00 -0.09 155.00 22.50 -4.33 7.75 1.13 -0.22
160.00 0.00 -3.92 8.00 0.00 -0.20 160.00 22.50 -4.69 8.00 1.13 -0.23
165.00 0.00 -3.13 8.25 0.00 -0.16 165.00 22.50 -6.38 8.25 1.13 -0.32
170.00 0.00 -4.99 8.50 0.00 -0.25 170.00 22.50 -7.74 8.50 1.13 -0.39
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Test No. T.8.6.2.033 Flume Width (mm) 600
Velocity (m/sec) 0.248 Pier Diameter (mm) 20
Perpendicular Profile Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 70.00 -0.42 0.00 3.50 -0.02 -43.00 0.00 0.00 -2.15 0.00 0.00
0.00 65.00 -0.80 0.00 3.25 -0.04 -41.00 5.00 0.00 -2.05 0.25 0.00
0.00 60.00 -0.50 0.00 3.00 -0.03 -40.00 10.00 0.00 -2.00 0.50 0.00
0.00 55.00 -0.58 0.00 2.75 -0.03 -39.00 15.00 0.00 -1.95 0.75 0.00
0.00 50.00 -0.22 0.00 2.50 -0.01 -37.00 20.00 0.00 -1.85 1.00 0.00
0.00 45.00 -3.92 0.00 2.25 -0.20 -35.00 25.00 0.00 -1.75 1.25 0.00
0.00 40.00 -7.04 0.00 2.00 -0.35 -30.00 30.00 0.00 -1.50 1.50 0.00
0.00 35.00 -11.48 0.00 1.75 -0.57 -25.00 35.00 0.00 -1.25 1.75 0.00
0.00 30.00 -13.82 0.00 1.50 -0.69 -20.00 39.00 0.00 -1.00 1.95 0.00
0.00 25.00 -15.06 0.00 1.25 -0.75 -15.00 42.00 0.00 -0.75 2.10 0.00
0.00 20.00 -18.74 0.00 1.00 -0.94 -10.00 46.00 0.00 -0.50 2.30 0.00
0.00 15.00 -22.56 0.00 0.75 -1.13 -5.00 49.00 0.00 -0.25 2.45 0.00
0.00 10.00 -22.44 0.00 0.50 -1.12 0.00 50.00 0.00 0.00 2.50 0.00
0.00 5.00 -22.97 0.00 0.25 -1.15 5.00 50.00 0.00 0.25 2.50 0.00
0.00 0.00 -22.97 0.00 0.00 -1.15 10.00 51.00 0.00 0.50 2.55 0.00
0.00 -5.00 -22.97 0.00 -0.25 -1.15 15.00 52.00 0.00 0.75 2.60 0.00
0.00 -10.00 -23.49 0.00 -0.50 -1.17 20.00 54.00 0.00 1.00 2.70 0.00
0.00 -15.00 -23.90 0.00 -0.75 -1.20 25.00 54.00 0.00 1.25 2.70 0.00
0.00 -20.00 -22.00 0.00 -1.00 -1.10 30.00 53.00 0.00 1.50 2.65 0.00
0.00 -25.00 -19.78 0.00 -1.25 -0.99 35.00 51.00 0.00 1.75 2.55 0.00
0.00 -30.00 -14.38 0.00 -1.50 -0.72 40.00 50.00 0.00 2.00 2.50 0.00
0.00 -35.00 -12.34 0.00 -1.75 -0.62 45.00 47.00 0.00 2.25 2.35 0.00
0.00 -40.00 -8.81 0.00 -2.00 -0.44 50.00 45.00 0.00 2.50 2.25 0.00
0.00 -45.00 -6.38 0.00 -2.25 -0.32 55.00 40.00 0.00 2.75 2.00 0.00
0.00 -50.00 -4.58 0.00 -2.50 -0.23 60.00 35.00 0.00 3.00 1.75 0.00
0.00 -55.00 -1.28 0.00 -2.75 -0.06 62.00 30.00 0.00 3.10 1.50 0.00
0.00 -60.00 -0.88 0.00 -3.00 -0.04 64.00 25.00 0.00 3.20 1.25 0.00
0.00 -65.00 -0.92 0.00 -3.25 -0.05 65.00 20.00 0.00 3.25 1.00 0.00
84.00 -70.00 -0.20 4.20 -3.50 -0.01 64.00 15.00 0.00 3.20 0.75 0.00
63.00 10.00 0.00 3.15 0.50 0.00
62.00 5.00 0.00 3.10 0.25 0.00
61.00 0.00 0.00 3.05 0.00 0.00
62.00 -5.00 0.00 3.10 -0.25 0.00
63.00 -10.00 0.00 3.15 -0.50 0.00
64.00 -15.00 0.00 3.20 -0.75 0.00
65.00 -20.00 0.00 3.25 -1.00 0.00
64.00 -25.00 0.00 3.20 -1.25 0.00
62.00 -30.00 0.00 3.10 -1.50 0.00
60.00 -35.00 0.00 3.00 -1.75 0.00
55.00 -40.00 0.00 2.75 -2.00 0.00
50.00 -45.00 0.00 2.50 -2.25 0.00
45.00 -47.00 0.00 2.25 -2.35 0.00
40.00 -50.00 0.00 2.00 -2.50 0.00
35.00 -51.00 0.00 1.75 -2.55 0.00
30.00 -53.00 0.00 1.50 -2.65 0.00
25.00 -54.00 0.00 1.25 -2.70 0.00
20.00 -54.00 0.00 1.00 -2.70 0.00
15.00 -52.00 0.00 0.75 -2.60 0.00
10.00 -51.00 0.00 0.50 -2.55 0.00
5.00 -50.00 0.00 0.25 -2.50 0.00
0.00 -50.00 0.00 0.00 -2.50 0.00
-5.00 -49.00 0.00 -0.25 -2.45 0.00
-10.00 -46.00 0.00 -0.50 -2.30 0.00
-15.00 -42.00 0.00 -0.75 -2.10 0.00
-20.00 -39.00 0.00 -1.00 -1.95 0.00
-25.00 -35.00 0.00 -1.25 -1.75 0.00
-30.00 -30.00 0.00 -1.50 -1.50 0.00
-35.00 -25.00 0.00 -1.75 -1.25 0.00
-37.00 -20.00 0.00 -1.85 -1.00 0.00
-39.00 -15.00 0.00 -1.95 -0.75 0.00
-40.00 -10.00 0.00 -2.00 -0.50 0.00
-41.00 -5.00 0.00 -2.05 -0.25 0.00
-43.00 0.00 0.00 -2.15 0.00 0.00
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Test No. T.8.6.2.033 Flume Width (mm) 600
Velocity (m/sec) 0.248 Pier Diameter (mm) 20
Deposit Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D
40.00 49.00 -1.41 2.00 2.45 -0.07
45.00 49.00 0.29 2.25 2.45 0.01
50.00 49.00 -0.38 2.50 2.45 -0.02
55.00 51.00 -0.72 2.75 2.55 -0.04
60.00 51.00 0.34 3.00 2.55 0.02
65.00 51.00 0.10 3.25 2.55 0.01
70.00 51.00 -0.68 3.50 2.55 -0.03
75.00 53.00 -1.23 3.75 2.65 -0.06
80.00 53.00 -0.50 4.00 2.65 -0.03
85.00 53.00 -0.58 4.25 2.65 -0.03
90.00 54.00 -0.52 4.50 2.70 -0.03
95.00 54.00 -0.41 4.75 2.70 -0.02
100.00 55.00 -1.00 5.00 2.75 -0.05
105.00 56.00 -0.78 5.25 2.80 -0.04
110.00 56.00 -1.07 5.50 2.80 -0.05
115.00 57.00 -1.76 5.75 2.85 -0.09
120.00 57.00 -0.70 6.00 2.85 -0.04
125.00 57.00 -3.06 6.25 2.85 -0.15
130.00 56.00 -2.62 6.50 2.80 -0.13
135.00 55.00 -1.75 6.75 2.75 -0.09
140.00 53.00 -2.63 7.00 2.65 -0.13
145.00 50.00 -3.58 7.25 2.50 -0.18
150.00 45.00 -7.28 7.50 2.25 -0.36
154.00 40.00 -7.07 7.70 2.00 -0.35
156.00 35.00 -6.82 7.80 1.75 -0.34
155.00 30.00 -6.01 7.75 1.50 -0.30
154.00 25.00 -6.28 7.70 1.25 -0.31
153.00 20.00 -2.46 7.65 1.00 -0.12
151.00 15.00 -0.97 7.55 0.75 -0.05
148.00 10.00 -1.85 7.40 0.50 -0.09
146.00 5.00 -0.73 7.30 0.25 -0.04
145.00 0.00 0.37 7.25 0.00 0.19
146.00 -5.00 -0.73 7.30 -0.25 -0.37
148.00 -10.00 -1.85 7.40 -0.50 -0.93
151.00 -15.00 -0.97 7.55 -0.75 -0.49
153.00 -20.00 -2.46 7.65 -1.00 -1.23
154.00 -25.00 -6.28 7.70 -1.25 -3.14
155.00 -30.00 -6.01 7.75 -1.50 -3.01
156.00 -35.00 -6.82 7.80 -1.75 -3.41
154.00 -40.00 -7.07 7.70 -2.00 -3.54
150.00 -45.00 -7.28 7.50 -2.25 -3.64
145.00 -50.00 -3.58 7.25 -2.50 -1.79
140.00 -53.00 -2.63 7.00 -2.65 -1.32
135.00 -55.00 -1.75 6.75 -2.75 -0.88
130.00 -56.00 -2.62 6.50 -2.80 -1.31
125.00 -57.00 -3.06 6.25 -2.85 -1.53
120.00 -57.00 -0.70 6.00 -2.85 -0.35
115.00 -57.00 -1.76 5.75 -2.85 -0.88
110.00 -56.00 -1.07 5.50 -2.80 -0.54
105.00 -56.00 -0.78 5.25 -2.80 -0.39
100.00 -55.00 -1.00 5.00 -2.75 -0.50
95.00 -54.00 -0.41 4.75 -2.70 -0.21
90.00 -54.00 -0.52 4.50 -2.70 -0.26
85.00 -53.00 -0.58 4.25 -2.65 -0.29
80.00 -53.00 -0.50 4.00 -2.65 -0.25
75.00 -53.00 -1.23 3.75 -2.65 -0.62
70.00 -51.00 -0.68 3.50 -2.55 -0.34
65.00 -51.00 0.10 3.25 -2.55 0.05
60.00 -51.00 0.34 3.00 -2.55 0.17
55.00 -51.00 -0.72 2.75 -2.55 -0.36
50.00 -49.00 -0.38 2.50 -2.45 -0.19
45.00 -49.00 0.29 2.25 -2.45 0.15





Test No. T.8.6.3.050 Flume Width (mm) 600
Velocity (m/sec) 0.248 Pier Diameter (mm) 30
Length Wise Profiles Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-105.00 0.00 -1.63 -3.50 0.00 -0.05 -105.00 5.50 -0.80 -3.50 0.18 -0.03
-95.00 0.00 -2.20 -3.17 0.00 -0.07 -95.00 5.50 -1.80 -3.17 0.18 -0.06
-85.00 0.00 1.10 -2.83 0.00 0.04 -85.00 5.50 -1.70 -2.83 0.18 -0.06
-75.00 0.00 -4.10 -2.50 0.00 -0.14 -75.00 5.50 0.50 -2.50 0.18 0.02
-65.00 0.00 -13.20 -2.17 0.00 -0.44 -65.00 5.50 -2.40 -2.17 0.18 -0.08
-55.00 0.00 -18.30 -1.83 0.00 -0.61 -55.00 5.50 -0.20 -1.83 0.18 -0.01
-45.00 0.00 -27.80 -1.50 0.00 -0.93 -45.00 5.50 -4.70 -1.50 0.18 -0.16
-35.00 0.00 -31.30 -1.17 0.00 -1.04 -35.00 5.50 -10.10 -1.17 0.18 -0.34
-25.00 0.00 -39.30 -0.83 0.00 -1.31 -25.00 5.50 -14.90 -0.83 0.18 -0.50
-15.00 0.00 -44.30 -0.50 0.00 -1.48 -15.00 5.50 -18.00 -0.50 0.18 -0.60
-5.00 0.00 -37.40 -0.17 0.00 -1.25 -5.00 5.50 -18.30 -0.17 0.18 -0.61
5.00 0.00 -37.40 0.17 0.00 -1.25 5.00 5.50 -19.60 0.17 0.18 -0.65
15.00 0.00 -30.50 0.50 0.00 -1.02 15.00 5.50 -19.10 0.50 0.18 -0.64
25.00 0.00 -30.70 0.83 0.00 -1.02 25.00 5.50 -19.60 0.83 0.18 -0.65
35.00 0.00 -27.10 1.17 0.00 -0.90 35.00 5.50 -19.10 1.17 0.18 -0.64
45.00 0.00 -22.50 1.50 0.00 -0.75 45.00 5.50 -17.50 1.50 0.18 -0.58
55.00 0.00 -19.60 1.83 0.00 -0.65 55.00 5.50 -15.70 1.83 0.18 -0.52
65.00 0.00 -16.40 2.17 0.00 -0.55 65.00 5.50 -13.80 2.17 0.18 -0.46
75.00 0.00 -12.80 2.50 0.00 -0.43 75.00 5.50 -12.40 2.50 0.18 -0.41
85.00 0.00 -9.80 2.83 0.00 -0.33 85.00 5.50 -9.40 2.83 0.18 -0.31
95.00 0.00 -6.60 3.17 0.00 -0.22 95.00 5.50 -6.60 3.17 0.18 -0.22
105.00 0.00 -3.20 3.50 0.00 -0.11 105.00 5.50 -3.60 3.50 0.18 -0.12
115.00 0.00 0.30 3.83 0.00 0.01 115.00 5.50 -0.80 3.83 0.18 -0.03
125.00 0.00 3.40 4.17 0.00 0.11 125.00 5.50 -0.50 4.17 0.18 -0.02
135.00 0.00 5.00 4.50 0.00 0.17 135.00 5.50 1.60 4.50 0.18 0.05
145.00 0.00 8.10 4.83 0.00 0.27 145.00 5.50 3.90 4.83 0.18 0.13
155.00 0.00 10.70 5.17 0.00 0.36 155.00 5.50 4.80 5.17 0.18 0.16
165.00 0.00 12.20 5.50 0.00 0.41 165.00 5.50 5.80 5.50 0.18 0.19
175.00 0.00 12.90 5.83 0.00 0.43 175.00 5.50 6.10 5.83 0.18 0.20
185.00 0.00 13.10 6.17 0.00 0.44 185.00 5.50 7.30 6.17 0.18 0.24
195.00 0.00 15.60 6.50 0.00 0.52 195.00 5.50 8.40 6.50 0.18 0.28
205.00 0.00 16.10 6.83 0.00 0.54 205.00 5.50 8.90 6.83 0.18 0.30
215.00 0.00 16.40 7.17 0.00 0.55 215.00 5.50 8.80 7.17 0.18 0.29
225.00 0.00 16.60 7.50 0.00 0.55 225.00 5.50 8.50 7.50 0.18 0.28
235.00 0.00 17.30 7.83 0.00 0.58 235.00 5.50 9.10 7.83 0.18 0.30
245.00 0.00 17.40 8.17 0.00 0.58 245.00 5.50 9.50 8.17 0.18 0.32
255.00 0.00 18.70 8.50 0.00 0.62 255.00 5.50 9.20 8.50 0.18 0.31
265.00 0.00 18.30 8.83 0.00 0.61 265.00 5.50 7.60 8.83 0.18 0.25
275.00 0.00 18.80 9.17 0.00 0.63 275.00 5.50 7.40 9.17 0.18 0.25
285.00 0.00 16.70 9.50 0.00 0.56 285.00 5.50 5.50 9.50 0.18 0.18
295.00 0.00 10.80 9.83 0.00 0.36 295.00 5.50 4.70 9.83 0.18 0.16
305.00 0.00 1.60 10.17 0.00 0.05 305.00 5.50 3.90 10.17 0.18 0.13
315.00 0.00 -5.60 10.50 0.00 -0.19 315.00 5.50 2.00 10.50 0.18 0.07
325.00 0.00 -7.40 10.83 0.00 -0.25 325.00 5.50 -3.40 10.83 0.18 -0.11
335.00 0.00 -10.30 11.17 0.00 -0.34 335.00 5.50 -11.20 11.17 0.18 -0.37
345.00 0.00 -12.80 11.50 0.00 -0.43 345.00 5.50 -19.60 11.50 0.18 -0.65
355.00 0.00 -15.80 11.83 0.00 -0.53 355.00 5.50 -27.80 11.83 0.18 -0.93
365.00 0.00 -16.50 12.17 0.00 -0.55 365.00 5.50 -32.40 12.17 0.18 -1.08
375.00 0.00 -20.40 12.50 0.00 -0.68 375.00 5.50 -33.60 12.50 0.18 -1.12





Test No. T.8.6.3.050 Flume Width (mm) 600
Velocity (m/sec) 0.248 Pier Diameter (mm) 30
Perpendicular Profile Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 120.00 -0.20 0.00 4.00 -0.01 -80.00 0.00 -0.30 -2.67 0.00 -0.01
0.00 110.00 -2.00 0.00 3.67 -0.07 -79.00 10.00 -0.30 -2.63 0.33 -0.01
0.00 100.00 -0.40 0.00 3.33 -0.01 -78.00 20.00 -0.30 -2.60 0.67 -0.01
0.00 90.00 -2.30 0.00 3.00 -0.08 -74.00 30.00 -0.30 -2.47 1.00 -0.01
0.00 80.00 -8.10 0.00 2.67 -0.27 -69.00 40.00 -0.30 -2.30 1.33 -0.01
0.00 70.00 -13.10 0.00 2.33 -0.44 -61.00 50.00 -0.30 -2.03 1.67 -0.01
0.00 60.00 -17.50 0.00 2.00 -0.58 -55.00 57.00 -0.30 -1.83 1.90 -0.01
0.00 50.00 -22.90 0.00 1.67 -0.76 -45.00 63.00 -0.30 -1.50 2.10 -0.01
0.00 40.00 -30.10 0.00 1.33 -1.00 -35.00 70.00 -0.30 -1.17 2.33 -0.01
0.00 30.00 -35.00 0.00 1.00 -1.17 -25.00 76.00 -0.30 -0.83 2.53 -0.01
0.00 20.00 -40.90 0.00 0.67 -1.36 -15.00 84.00 -0.30 -0.50 2.80 -0.01
0.00 10.00 -42.80 0.00 0.33 -1.43 -5.00 90.00 -0.30 -0.17 3.00 -0.01
0.00 15.00 -42.80 0.00 0.50 -1.43 5.00 95.00 -0.30 0.17 3.17 -0.01
0.00 10.00 -41.20 0.00 0.33 -1.37 15.00 99.00 -0.30 0.50 3.30 -0.01
0.00 0.00 -41.20 0.00 0.00 -1.37 25.00 103.00 -0.30 0.83 3.43 -0.01
0.00 -10.00 -41.20 0.00 -0.33 -1.37 35.00 106.00 -0.30 1.17 3.53 -0.01
0.00 -15.00 -39.60 0.00 -0.50 -1.32 45.00 107.00 -0.30 1.50 3.57 -0.01
0.00 -20.00 -42.00 0.00 -0.67 -1.40 55.00 108.00 -0.30 1.83 3.60 -0.01
0.00 -30.00 -38.90 0.00 -1.00 -1.30 65.00 107.00 -0.30 2.17 3.57 -0.01
0.00 -40.00 -31.10 0.00 -1.33 -1.04 75.00 106.00 -0.30 2.50 3.53 -0.01
0.00 -50.00 -25.90 0.00 -1.67 -0.86 85.00 105.00 -0.30 2.83 3.50 -0.01
0.00 -60.00 -20.30 0.00 -2.00 -0.68 95.00 100.00 -0.30 3.17 3.33 -0.01
0.00 -70.00 -16.70 0.00 -2.33 -0.56 105.00 92.00 -0.30 3.50 3.07 -0.01
0.00 -80.00 -12.10 0.00 -2.67 -0.40 110.00 90.00 -0.30 3.67 3.00 -0.01
0.00 -90.00 -7.00 0.00 -3.00 -0.23 111.00 80.00 -0.30 3.70 2.67 -0.01
0.00 -100.00 -0.70 0.00 -3.33 -0.02 112.00 70.00 -0.30 3.73 2.33 -0.01
0.00 -110.00 1.00 0.00 -3.67 0.03 115.00 60.00 -0.30 3.83 2.00 -0.01
0.00 -120.00 0.50 0.00 -4.00 0.02 120.00 50.00 -0.30 4.00 1.67 -0.01
125.00 40.00 -0.30 4.17 1.33 -0.01
123.00 30.00 -0.30 4.10 1.00 -0.01
120.00 20.00 -0.30 4.00 0.67 -0.01
112.00 10.00 -0.30 3.73 0.33 -0.01
106.00 0.00 -0.30 3.53 0.00 -0.01
112.00 -10.00 -0.30 3.73 -0.33 -0.01
120.00 -20.00 -0.30 4.00 -0.67 -0.01
123.00 -30.00 -0.30 4.10 -1.00 -0.01
125.00 -40.00 -0.30 4.17 -1.33 -0.01
120.00 -50.00 -0.30 4.00 -1.67 -0.01
115.00 -60.00 -0.30 3.83 -2.00 -0.01
112.00 -70.00 -0.30 3.73 -2.33 -0.01
111.00 -80.00 -0.30 3.70 -2.67 -0.01
110.00 -90.00 -0.30 3.67 -3.00 -0.01
105.00 -92.00 -0.30 3.50 -3.07 -0.01
95.00 -100.00 -0.30 3.17 -3.33 -0.01
85.00 -105.00 -0.30 2.83 -3.50 -0.01
75.00 -106.00 -0.30 2.50 -3.53 -0.01
65.00 -107.00 -0.30 2.17 -3.57 -0.01
55.00 -108.00 -0.30 1.83 -3.60 -0.01
45.00 -107.00 -0.30 1.50 -3.57 -0.01
35.00 -106.00 -0.30 1.17 -3.53 -0.01
25.00 -103.00 -0.30 0.83 -3.43 -0.01
15.00 -99.00 -0.30 0.50 -3.30 -0.01
5.00 -95.00 -0.30 0.17 -3.17 -0.01
-5.00 -90.00 -0.30 -0.17 -3.00 -0.01
-15.00 -84.00 -0.30 -0.50 -2.80 -0.01
-25.00 -76.00 -0.30 -0.83 -2.53 -0.01
-35.00 -70.00 -0.30 -1.17 -2.33 -0.01
-45.00 -63.00 -0.30 -1.50 -2.10 -0.01
-55.00 -57.00 -0.30 -1.83 -1.90 -0.01
-61.00 -50.00 -0.30 -2.03 -1.67 -0.01
-69.00 -40.00 -0.30 -2.30 -1.33 -0.01
-74.00 -30.00 -0.30 -2.47 -1.00 -0.01
-78.00 -20.00 -0.30 -2.60 -0.67 -0.01
-79.00 -10.00 -0.30 -2.63 -0.33 -0.01






Test No. T.8.6.3.050 Flume Width (mm) 600
Velocity (m/sec) 0.248 Pier Diameter (mm) 30
Deposit Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D
85.00 110.00 -0.20 2.83 3.67 -0.07
95.00 114.00 -0.23 3.17 3.80 -0.08
105.00 117.00 -0.18 3.50 3.90 -0.06
115.00 119.00 -0.18 3.83 3.97 -0.06
125.00 121.00 -0.20 4.17 4.03 -0.07
135.00 121.00 -0.26 4.50 4.03 -0.09
145.00 121.00 -0.20 4.83 4.03 -0.07
155.00 125.00 -0.23 5.17 4.17 -0.08
165.00 125.00 -0.27 5.50 4.17 -0.09
175.00 125.00 -0.27 5.83 4.17 -0.09
185.00 125.00 -0.31 6.17 4.17 -0.10
195.00 126.00 -0.30 6.50 4.20 -0.10
205.00 126.00 -0.27 6.83 4.20 -0.09
215.00 126.00 -0.28 7.17 4.20 -0.09
225.00 125.00 -0.30 7.50 4.17 -0.10
235.00 125.00 -0.28 7.83 4.17 -0.09
245.00 125.00 -0.37 8.17 4.17 -0.12
255.00 123.00 -0.36 8.50 4.10 -0.12
265.00 123.00 -0.30 8.83 4.10 -0.10
275.00 123.00 -0.21 9.17 4.10 -0.07
285.00 119.00 -0.32 9.50 3.97 -0.11
295.00 114.00 -0.35 9.83 3.80 -0.12
305.00 110.00 -0.31 10.17 3.67 -0.10
315.00 106.00 -0.36 10.50 3.53 -0.12
325.00 102.00 -0.32 10.83 3.40 -0.11
335.00 94.00 -0.41 11.17 3.13 -0.14
345.00 86.00 -0.45 11.50 2.87 -0.15
355.00 72.00 -0.50 11.83 2.40 -0.17
356.00 70.00 -0.61 11.87 2.33 -0.20
357.00 60.00 -0.62 11.90 2.00 -0.21
357.00 50.00 -0.54 11.90 1.67 -0.18
343.00 40.00 -0.45 11.43 1.33 -0.15
329.00 30.00 -0.28 10.97 1.00 -0.09
315.00 20.00 -0.17 10.50 0.67 -0.06
310.00 10.00 -0.10 10.33 0.33 -0.03
305.00 0.00 0.02 10.17 0.00 0.01
310.00 -10.00 -0.10 10.33 -0.33 -0.03
315.00 -20.00 -0.17 10.50 -0.67 -0.06
329.00 -30.00 -0.28 10.97 -1.00 -0.09
343.00 -40.00 -0.45 11.43 -1.33 -0.15
357.00 -50.00 -0.54 11.90 -1.67 -0.18
357.00 -60.00 -0.62 11.90 -2.00 -0.21
356.00 -70.00 -0.61 11.87 -2.33 -0.20
355.00 -72.00 -0.50 11.83 -2.40 -0.17
345.00 -86.00 -0.45 11.50 -2.87 -0.15
335.00 -94.00 -0.41 11.17 -3.13 -0.14
325.00 -102.00 -0.32 10.83 -3.40 -0.11
315.00 -106.00 -0.36 10.50 -3.53 -0.12
305.00 -110.00 -0.31 10.17 -3.67 -0.10
295.00 -114.00 -0.35 9.83 -3.80 -0.12
285.00 -119.00 -0.32 9.50 -3.97 -0.11
275.00 -123.00 -0.21 9.17 -4.10 -0.07
265.00 -123.00 -0.30 8.83 -4.10 -0.10
255.00 -123.00 -0.36 8.50 -4.10 -0.12
245.00 -125.00 -0.37 8.17 -4.17 -0.12
235.00 -125.00 -0.28 7.83 -4.17 -0.09
225.00 -125.00 -0.30 7.50 -4.17 -0.10
215.00 -126.00 -0.28 7.17 -4.20 -0.09
205.00 -126.00 -0.27 6.83 -4.20 -0.09
195.00 -126.00 -0.30 6.50 -4.20 -0.10
185.00 -125.00 -0.31 6.17 -4.17 -0.10
175.00 -125.00 -0.27 5.83 -4.17 -0.09
165.00 -125.00 -0.27 5.50 -4.17 -0.09
155.00 -125.00 -0.23 5.17 -4.17 -0.08
145.00 -121.00 -0.20 4.83 -4.03 -0.07
135.00 -121.00 -0.26 4.50 -4.03 -0.09
125.00 -121.00 -0.20 4.17 -4.03 -0.07
115.00 -119.00 -0.18 3.83 -3.97 -0.06
105.00 -117.00 -0.18 3.50 -3.90 -0.06
95.00 -114.00 -0.23 3.17 -3.80 -0.08






Test No. T.8.9.1.011 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 10
Length Wise Profiles Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-45.00 0.00 -0.59 -4.50 0.00 -0.06 -30.00 12.50 -0.34 -3.00 1.25 -0.03
-35.00 0.00 -0.19 -3.50 0.00 -0.02 -25.00 12.50 -1.80 -2.50 1.25 -0.18
-25.00 0.00 -1.18 -2.50 0.00 -0.12 -20.00 12.50 -1.18 -2.00 1.25 -0.12
-20.00 0.00 -1.38 -2.00 0.00 -0.14 -15.00 12.50 -0.81 -1.50 1.25 -0.08
-15.00 0.00 -1.67 -1.50 0.00 -0.17 -10.00 12.50 -1.70 -1.00 1.25 -0.17
-10.00 0.00 -6.46 -1.00 0.00 -0.65 -5.00 12.50 -1.82 -0.50 1.25 -0.18
-5.00 0.00 -12.27 -0.50 0.00 -1.23 0.00 12.50 -4.69 0.00 1.25 -0.47
0.00 0.00 -12.28 0.00 0.00 -1.23 5.00 12.50 -5.44 0.50 1.25 -0.54
5.00 0.00 -12.28 0.50 0.00 -1.23 10.00 12.50 -6.18 1.00 1.25 -0.62
10.00 0.00 -9.92 1.00 0.00 -0.99 15.00 12.50 -7.31 1.50 1.25 -0.73
15.00 0.00 -7.83 1.50 0.00 -0.78 20.00 12.50 -6.32 2.00 1.25 -0.63
20.00 0.00 -7.23 2.00 0.00 -0.72 25.00 12.50 -6.34 2.50 1.25 -0.63
25.00 0.00 -6.78 2.50 0.00 -0.68 30.00 12.50 -4.71 3.00 1.25 -0.47
30.00 0.00 -5.79 3.00 0.00 -0.58 35.00 12.50 -3.09 3.50 1.25 -0.31
35.00 0.00 -3.22 3.50 0.00 -0.32 40.00 12.50 -1.04 4.00 1.25 -0.10
40.00 0.00 -1.24 4.00 0.00 -0.12 45.00 12.50 -0.02 4.50 1.25 0.00
45.00 0.00 -0.28 4.50 0.00 -0.03 50.00 12.50 1.73 5.00 1.25 0.17
50.00 0.00 2.12 5.00 0.00 0.21 55.00 12.50 2.70 5.50 1.25 0.27
55.00 0.00 4.39 5.50 0.00 0.44 60.00 12.50 4.11 6.00 1.25 0.41
60.00 0.00 6.02 6.00 0.00 0.60 65.00 12.50 4.42 6.50 1.25 0.44
65.00 0.00 7.08 6.50 0.00 0.71 70.00 12.50 6.32 7.00 1.25 0.63
70.00 0.00 8.30 7.00 0.00 0.83 75.00 12.50 5.73 7.50 1.25 0.57
75.00 0.00 9.68 7.50 0.00 0.97 80.00 12.50 6.57 8.00 1.25 0.66
80.00 0.00 9.78 8.00 0.00 0.98 85.00 12.50 4.78 8.50 1.25 0.48
85.00 0.00 7.34 8.50 0.00 0.73 90.00 12.50 4.59 9.00 1.25 0.46
90.00 0.00 3.89 9.00 0.00 0.39 95.00 12.50 -1.13 9.50 1.25 -0.11
95.00 0.00 -0.20 9.50 0.00 -0.02 100.00 12.50 -2.49 10.00 1.25 -0.25
100.00 0.00 0.50 10.00 0.00 0.05 105.00 12.50 -3.83 10.50 1.25 -0.38
105.00 0.00 -0.68 10.50 0.00 -0.07 110.00 12.50 -3.21 11.00 1.25 -0.32
110.00 0.00 -0.32 11.00 0.00 -0.03 115.00 12.50 -3.27 11.50 1.25 -0.33






Test No. T.8.9.1.011 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 10
Perpendicular Profile Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 30.00 -1.18 0.00 3.00 -0.12 -10.00 0.00 0.00 -1.00 0.00 0.00
0.00 25.00 -0.52 0.00 2.50 -0.05 -9.00 5.00 0.00 -0.90 0.50 0.00
0.00 20.00 -2.50 0.00 2.00 -0.25 -5.00 10.00 0.00 -0.50 1.00 0.00
0.00 15.00 -3.87 0.00 1.50 -0.39 0.00 14.00 0.00 0.00 1.40 0.00
0.00 10.00 -7.89 0.00 1.00 -0.79 5.00 18.00 0.00 0.50 1.80 0.00
0.00 5.00 -12.20 0.00 0.50 -1.22 10.00 21.00 0.00 1.00 2.10 0.00
0.00 0.00 -11.95 0.00 0.00 -1.20 15.00 23.00 0.00 1.50 2.30 0.00
0.00 -5.00 -11.70 0.00 -0.50 -1.17 20.00 24.00 0.00 2.00 2.40 0.00
0.00 -10.00 -9.97 0.00 -1.00 -1.00 25.00 25.00 0.00 2.50 2.50 0.00
0.00 -15.00 -5.56 0.00 -1.50 -0.56 30.00 24.00 0.00 3.00 2.40 0.00
0.00 -20.00 -3.10 0.00 -2.00 -0.31 35.00 24.00 0.00 3.50 2.40 0.00
0.00 -25.00 -0.22 0.00 -2.50 -0.02 40.00 24.00 0.00 4.00 2.40 0.00
0.00 -30.00 0.16 0.00 -3.00 0.02 45.00 23.00 0.00 4.50 2.30 0.00
0.00 -35.00 -0.15 0.00 -3.50 -0.02 50.00 22.00 0.00 5.00 2.20 0.00
55.00 15.00 0.00 5.50 1.50 0.00
57.00 10.00 0.00 5.70 1.00 0.00
54.00 5.00 0.00 5.40 0.50 0.00
53.00 0.00 0.00 5.30 0.00 0.00
54.00 -5.00 0.00 5.40 -0.50 0.00
57.00 -10.00 0.00 5.70 -1.00 0.00
55.00 -15.00 0.00 5.50 -1.50 0.00
50.00 -22.00 0.00 5.00 -2.20 0.00
45.00 -23.00 0.00 4.50 -2.30 0.00
40.00 -24.00 0.00 4.00 -2.40 0.00
35.00 -24.00 0.00 3.50 -2.40 0.00
30.00 -24.00 0.00 3.00 -2.40 0.00
25.00 -25.00 0.00 2.50 -2.50 0.00
20.00 -24.00 0.00 2.00 -2.40 0.00
15.00 -23.00 0.00 1.50 -2.30 0.00
10.00 -21.00 0.00 1.00 -2.10 0.00
5.00 -18.00 0.00 0.50 -1.80 0.00
0.00 -14.00 0.00 0.00 -1.40 0.00
-5.00 -10.00 0.00 -0.50 -1.00 0.00
-9.00 -5.00 0.00 -0.90 -0.50 0.00







Test No. T.8.9.1.011 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 10
Deposit Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D
40.00 24.00 0.12 4.00 2.40 0.12
45.00 29.00 0.03 4.50 2.90 0.03
50.00 30.00 0.15 5.00 3.00 0.15
55.00 32.00 0.04 5.50 3.20 0.04
60.00 32.00 0.01 6.00 3.20 0.01
65.00 33.00 0.13 6.50 3.30 0.13
70.00 33.00 0.15 7.00 3.30 0.15
75.00 32.00 0.12 7.50 3.20 0.12
80.00 32.00 0.01 8.00 3.20 0.01
85.00 30.00 0.08 8.50 3.00 0.08
90.00 30.00 0.03 9.00 3.00 0.03
95.00 28.00 0.09 9.50 2.80 0.09
100.00 26.00 0.09 10.00 2.60 0.09
105.00 25.00 0.22 10.50 2.50 0.22
109.00 20.00 0.24 10.90 2.00 0.24
108.00 15.00 0.08 10.80 1.50 0.08
105.00 10.00 0.03 10.50 1.00 0.03
105.00 5.00 -0.10 10.50 0.50 -0.10
105.00 0.00 -0.10 10.50 0.00 -0.10
105.00 -5.00 -0.10 10.50 -0.50 -0.10
105.00 -10.00 0.03 10.50 -1.00 0.03
108.00 -15.00 0.08 10.80 -1.50 0.08
109.00 -20.00 0.24 10.90 -2.00 0.24
105.00 -25.00 0.22 10.50 -2.50 0.22
100.00 -26.00 0.09 10.00 -2.60 0.09
95.00 -28.00 0.09 9.50 -2.80 0.09
90.00 -30.00 0.03 9.00 -3.00 0.03
85.00 -30.00 0.08 8.50 -3.00 0.08
80.00 -32.00 0.01 8.00 -3.20 0.01
75.00 -32.00 0.12 7.50 -3.20 0.12
70.00 -33.00 0.15 7.00 -3.30 0.15
65.00 -33.00 0.13 6.50 -3.30 0.13
60.00 -32.00 0.01 6.00 -3.20 0.01
55.00 -32.00 0.04 5.50 -3.20 0.04
50.00 -30.00 0.15 5.00 -3.00 0.15
45.00 -29.00 0.03 4.50 -2.90 0.03





Test No. T.8.9.2.022 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 20
Length Wise Profiles Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-55.00 0.00 0.50 -2.75 0.00 0.03 -55.00 15.00 1.30 -2.75 0.75 0.07
-50.00 0.00 0.30 -2.50 0.00 0.02 -50.00 15.00 1.20 -2.50 0.75 0.06
-45.00 0.00 0.11 -2.25 0.00 0.01 -45.00 15.00 0.60 -2.25 0.75 0.03
-40.00 0.00 0.40 -2.00 0.00 0.02 -40.00 15.00 -0.20 -2.00 0.75 -0.01
-35.00 0.00 0.70 -1.75 0.00 0.04 -35.00 15.00 0.20 -1.75 0.75 0.01
-30.00 0.00 -1.10 -1.50 0.00 -0.06 -30.00 15.00 -1.10 -1.50 0.75 -0.06
-25.00 0.00 -3.00 -1.25 0.00 -0.15 -25.00 15.00 -1.20 -1.25 0.75 -0.06
-20.00 0.00 -7.33 -1.00 0.00 -0.37 -20.00 15.00 -2.00 -1.00 0.75 -0.10
-15.00 0.00 -12.30 -0.75 0.00 -0.62 -15.00 15.00 -5.10 -0.75 0.75 -0.26
-10.00 0.00 -16.10 -0.50 0.00 -0.81 -10.00 15.00 -7.10 -0.50 0.75 -0.36
-5.00 0.00 -17.70 -0.25 0.00 -0.89 -5.00 15.00 -8.50 -0.25 0.75 -0.43
0.00 0.00 -17.70 0.00 0.00 -0.89 0.00 15.00 -9.90 0.00 0.75 -0.50
5.00 0.00 -17.70 0.25 0.00 -0.89 5.00 15.00 -12.20 0.25 0.75 -0.61
10.00 0.00 -19.30 0.50 0.00 -0.97 10.00 15.00 -11.60 0.50 0.75 -0.58
15.00 0.00 -19.20 0.75 0.00 -0.96 15.00 15.00 -11.60 0.75 0.75 -0.58
20.00 0.00 -19.10 1.00 0.00 -0.96 20.00 15.00 -10.80 1.00 0.75 -0.54
25.00 0.00 -17.20 1.25 0.00 -0.86 25.00 15.00 -9.60 1.25 0.75 -0.48
30.00 0.00 -14.60 1.50 0.00 -0.73 30.00 15.00 -8.80 1.50 0.75 -0.44
35.00 0.00 -11.00 1.75 0.00 -0.55 35.00 15.00 -8.70 1.75 0.75 -0.44
40.00 0.00 -8.20 2.00 0.00 -0.41 40.00 15.00 -7.90 2.00 0.75 -0.40
45.00 0.00 -7.20 2.25 0.00 -0.36 45.00 15.00 -7.20 2.25 0.75 -0.36
50.00 0.00 -5.70 2.50 0.00 -0.29 50.00 15.00 -4.70 2.50 0.75 -0.24
55.00 0.00 -4.00 2.75 0.00 -0.20 55.00 15.00 -3.90 2.75 0.75 -0.20
60.00 0.00 -1.20 3.00 0.00 -0.06 60.00 15.00 -3.20 3.00 0.75 -0.16
65.00 0.00 2.50 3.25 0.00 0.13 65.00 15.00 0.00 3.25 0.75 0.00
70.00 0.00 2.80 3.50 0.00 0.14 70.00 15.00 2.30 3.50 0.75 0.12
75.00 0.00 5.30 3.75 0.00 0.27 75.00 15.00 3.70 3.75 0.75 0.19
80.00 0.00 7.20 4.00 0.00 0.36 80.00 15.00 5.60 4.00 0.75 0.28
85.00 0.00 8.90 4.25 0.00 0.45 85.00 15.00 6.70 4.25 0.75 0.34
90.00 0.00 12.00 4.50 0.00 0.60 90.00 15.00 7.90 4.50 0.75 0.40
95.00 0.00 12.10 4.75 0.00 0.61 95.00 15.00 8.70 4.75 0.75 0.44
100.00 0.00 13.80 5.00 0.00 0.69 100.00 15.00 8.90 5.00 0.75 0.45
105.00 0.00 15.80 5.25 0.00 0.79 105.00 15.00 9.50 5.25 0.75 0.48
110.00 0.00 16.30 5.50 0.00 0.82 110.00 15.00 10.00 5.50 0.75 0.50
115.00 0.00 18.30 5.75 0.00 0.92 115.00 15.00 10.50 5.75 0.75 0.53
120.00 0.00 18.30 6.00 0.00 0.92 120.00 15.00 10.80 6.00 0.75 0.54
125.00 0.00 18.00 6.25 0.00 0.90 125.00 15.00 11.10 6.25 0.75 0.56
130.00 0.00 14.40 6.50 0.00 0.72 130.00 15.00 12.40 6.50 0.75 0.62
135.00 0.00 9.20 6.75 0.00 0.46 135.00 15.00 11.60 6.75 0.75 0.58
140.00 0.00 5.00 7.00 0.00 0.25 140.00 15.00 9.40 7.00 0.75 0.47
145.00 0.00 2.10 7.25 0.00 0.11 145.00 15.00 5.50 7.25 0.75 0.28
150.00 0.00 2.20 7.50 0.00 0.11 150.00 15.00 0.30 7.50 0.75 0.02
155.00 0.00 1.50 7.75 0.00 0.08 155.00 15.00 -1.30 7.75 0.75 -0.07
160.00 0.00 1.50 8.00 0.00 0.08 160.00 15.00 -2.40 8.00 0.75 -0.12
165.00 0.00 0.70 8.25 0.00 0.04 165.00 15.00 -3.30 8.25 0.75 -0.17
170.00 0.00 0.10 8.50 0.00 0.01 170.00 15.00 -4.50 8.50 0.75 -0.23






Test No. T.8.9.2.022 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 20
Perpendicular Profile Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 50.00 0.70 0.00 2.50 0.04 -27.00 0.00 0.00 -1.35 0.00 0.00
0.00 45.00 0.03 0.00 2.25 0.00 -25.00 5.00 -1.00 -1.25 0.25 -0.05
0.00 40.00 -1.40 0.00 2.00 -0.07 -24.00 10.00 -2.00 -1.20 0.50 -0.10
0.00 35.00 -6.40 0.00 1.75 -0.32 -23.00 15.00 -3.00 -1.15 0.75 -0.15
0.00 30.00 -11.00 0.00 1.50 -0.55 -21.00 20.00 -4.00 -1.05 1.00 -0.20
0.00 25.00 -14.00 0.00 1.25 -0.70 -17.00 25.00 -5.00 -0.85 1.25 -0.25
0.00 20.00 -18.60 0.00 1.00 -0.93 -10.00 30.00 -6.00 -0.50 1.50 -0.30
0.00 15.00 -19.80 0.00 0.75 -0.99 -5.00 33.00 -7.00 -0.25 1.65 -0.35
0.00 10.00 -19.00 0.00 0.50 -0.95 0.00 35.00 -8.00 0.00 1.75 -0.40
0.00 5.00 -19.25 0.00 0.25 -0.96 5.00 37.00 -9.00 0.25 1.85 -0.45
0.00 0.00 -19.25 0.00 0.00 -0.96 10.00 40.00 -10.00 0.50 2.00 -0.50
0.00 -5.00 -19.25 0.00 -0.25 -0.96 15.00 41.00 -11.00 0.75 2.05 -0.55
0.00 -10.00 -19.50 0.00 -0.50 -0.98 20.00 41.00 -12.00 1.00 2.05 -0.60
0.00 -15.00 -19.20 0.00 -0.75 -0.96 25.00 41.00 -13.00 1.25 2.05 -0.65
0.00 -20.00 -17.30 0.00 -1.00 -0.87 30.00 40.00 -14.00 1.50 2.00 -0.70
0.00 -25.00 -11.10 0.00 -1.25 -0.56 35.00 39.00 -15.00 1.75 1.95 -0.75
0.00 -30.00 -6.30 0.00 -1.50 -0.32 40.00 38.00 -16.00 2.00 1.90 -0.80
0.00 -35.00 -5.00 0.00 -1.75 -0.25 45.00 35.00 -17.00 2.25 1.75 -0.85
0.00 -40.00 -1.40 0.00 -2.00 -0.07 50.00 31.00 -18.00 2.50 1.55 -0.90
0.00 -45.00 -1.10 0.00 -2.25 -0.06 55.00 28.00 -19.00 2.75 1.40 -0.95
0.00 -50.00 0.10 0.00 -2.50 0.01 61.00 25.00 -20.00 3.05 1.25 -1.00
0.00 -55.00 -1.40 0.00 -2.75 -0.07 62.00 20.00 -21.00 3.10 1.00 -1.05
0.00 -60.00 1.00 0.00 -3.00 0.05 60.00 15.00 -22.00 3.00 0.75 -1.10
59.00 10.00 -23.00 2.95 0.50 -1.15
57.00 5.00 -24.00 2.85 0.25 -1.20
55.00 0.00 -25.00 2.75 0.00 -1.25
57.00 -5.00 -24.00 2.85 -0.25 -1.20
59.00 -10.00 -23.00 2.95 -0.50 -1.15
60.00 -15.00 -22.00 3.00 -0.75 -1.10
62.00 -20.00 -21.00 3.10 -1.00 -1.05
61.00 -25.00 -20.00 3.05 -1.25 -1.00
55.00 -28.00 -19.00 2.75 -1.40 -0.95
50.00 -31.00 -18.00 2.50 -1.55 -0.90
45.00 -35.00 -17.00 2.25 -1.75 -0.85
40.00 -38.00 -16.00 2.00 -1.90 -0.80
35.00 -39.00 -15.00 1.75 -1.95 -0.75
30.00 -40.00 -14.00 1.50 -2.00 -0.70
25.00 -41.00 -13.00 1.25 -2.05 -0.65
20.00 -41.00 -12.00 1.00 -2.05 -0.60
15.00 -41.00 -11.00 0.75 -2.05 -0.55
10.00 -40.00 -10.00 0.50 -2.00 -0.50
5.00 -37.00 -9.00 0.25 -1.85 -0.45
0.00 -35.00 -8.00 0.00 -1.75 -0.40
-5.00 -33.00 -7.00 -0.25 -1.65 -0.35
-10.00 -30.00 -6.00 -0.50 -1.50 -0.30
-17.00 -25.00 -5.00 -0.85 -1.25 -0.25
-21.00 -20.00 -4.00 -1.05 -1.00 -0.20
-23.00 -15.00 -3.00 -1.15 -0.75 -0.15
-24.00 -10.00 -2.00 -1.20 -0.50 -0.10
-25.00 -5.00 -1.00 -1.25 -0.25 -0.05






Test No. T.8.9.2.022 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 20
Deposit Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D
50.00 43.00 0.20 2.50 2.15 0.01
55.00 46.00 0.30 2.75 2.30 0.02
60.00 50.00 0.10 3.00 2.50 0.01
65.00 50.00 1.00 3.25 2.50 0.05
70.00 51.00 0.60 3.50 2.55 0.03
75.00 52.00 0.10 3.75 2.60 0.01
80.00 52.00 1.30 4.00 2.60 0.07
85.00 52.00 0.00 4.25 2.60 0.00
90.00 53.00 1.10 4.50 2.65 0.06
95.00 53.00 0.50 4.75 2.65 0.03
100.00 53.00 0.80 5.00 2.65 0.04
105.00 53.00 0.70 5.25 2.65 0.04
110.00 51.00 1.60 5.50 2.55 0.08
115.00 51.00 1.40 5.75 2.55 0.07
120.00 51.00 1.30 6.00 2.55 0.07
125.00 50.00 -0.20 6.25 2.50 -0.01
130.00 50.00 1.50 6.50 2.50 0.08
135.00 49.00 1.70 6.75 2.45 0.09
140.00 48.00 1.00 7.00 2.40 0.05
145.00 48.00 0.30 7.25 2.40 0.02
150.00 44.00 -1.10 7.50 2.20 -0.06
155.00 42.00 -3.00 7.75 2.10 -0.15
156.00 40.00 -4.00 7.80 2.00 -0.20
154.00 35.00 -3.20 7.70 1.75 -0.16
155.00 30.00 0.60 7.75 1.50 0.03
153.00 25.00 -0.50 7.65 1.25 -0.03
152.00 20.00 1.20 7.60 1.00 0.06
150.00 15.00 1.20 7.50 0.75 0.06
146.00 10.00 2.10 7.30 0.50 0.11
145.00 5.00 4.50 7.25 0.25 0.23
144.00 0.00 3.80 7.20 0.00 0.19
145.00 -5.00 4.50 7.25 -0.25 0.23
146.00 -10.00 2.10 7.30 -0.50 0.11
150.00 -15.00 1.20 7.50 -0.75 0.06
152.00 -20.00 1.20 7.60 -1.00 0.06
153.00 -25.00 -0.50 7.65 -1.25 -0.03
155.00 -30.00 0.60 7.75 -1.50 0.03
154.00 -35.00 -3.20 7.70 -1.75 -0.16
156.00 -40.00 -4.00 7.80 -2.00 -0.20
155.00 -42.00 -3.00 7.75 -2.10 -0.15
150.00 -44.00 -1.10 7.50 -2.20 -0.06
145.00 -48.00 0.30 7.25 -2.40 0.02
140.00 -48.00 1.00 7.00 -2.40 0.05
135.00 -49.00 1.70 6.75 -2.45 0.09
130.00 -50.00 1.50 6.50 -2.50 0.08
125.00 -50.00 -0.20 6.25 -2.50 -0.01
120.00 -51.00 1.30 6.00 -2.55 0.07
115.00 -51.00 1.40 5.75 -2.55 0.07
110.00 -51.00 1.60 5.50 -2.55 0.08
105.00 -53.00 0.70 5.25 -2.65 0.04
100.00 -53.00 0.80 5.00 -2.65 0.04
95.00 -53.00 0.50 4.75 -2.65 0.03
90.00 -53.00 1.10 4.50 -2.65 0.06
85.00 -52.00 0.00 4.25 -2.60 0.00
80.00 -52.00 1.30 4.00 -2.60 0.07
75.00 -52.00 0.10 3.75 -2.60 0.01
70.00 -51.00 0.60 3.50 -2.55 0.03
65.00 -50.00 1.00 3.25 -2.50 0.05
60.00 -50.00 0.10 3.00 -2.50 0.01
55.00 -46.00 0.30 2.75 -2.30 0.02






Test No. T.8.9.3.033 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 30
Length Wise Profiles Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-75.00 0.00 0.60 -2.50 0.00 0.02 -75.00 35.00 -0.10 -2.50 1.17 0.00
-65.00 0.00 0.10 -2.17 0.00 0.00 -65.00 35.00 0.40 -2.17 1.17 0.01
-55.00 0.00 1.00 -1.83 0.00 0.03 -55.00 35.00 -0.60 -1.83 1.17 -0.02
-45.00 0.00 -5.40 -1.50 0.00 -0.18 -45.00 35.00 -0.60 -1.50 1.17 -0.02
-35.00 0.00 -12.20 -1.17 0.00 -0.41 -35.00 35.00 -5.60 -1.17 1.17 -0.19
-25.00 0.00 -19.30 -0.83 0.00 -0.64 -25.00 35.00 -11.20 -0.83 1.17 -0.37
-15.00 0.00 -26.70 -0.50 0.00 -0.89 -15.00 35.00 -15.90 -0.50 1.17 -0.53
-5.00 0.00 -26.35 -0.17 0.00 -0.88 -5.00 35.00 -19.30 -0.17 1.17 -0.64
5.00 0.00 -26.35 0.17 0.00 -0.88 5.00 35.00 -19.40 0.17 1.17 -0.65
15.00 0.00 -26.00 0.50 0.00 -0.87 15.00 35.00 -19.50 0.50 1.17 -0.65
25.00 0.00 -26.30 0.83 0.00 -0.88 25.00 35.00 -16.80 0.83 1.17 -0.56
35.00 0.00 -22.90 1.17 0.00 -0.76 35.00 35.00 -14.90 1.17 1.17 -0.50
45.00 0.00 -15.50 1.50 0.00 -0.52 45.00 35.00 -10.40 1.50 1.17 -0.35
55.00 0.00 -11.50 1.83 0.00 -0.38 55.00 35.00 -8.60 1.83 1.17 -0.29
65.00 0.00 -5.70 2.17 0.00 -0.19 65.00 35.00 -5.80 2.17 1.17 -0.19
75.00 0.00 -1.40 2.50 0.00 -0.05 75.00 35.00 -1.50 2.50 1.17 -0.05
85.00 0.00 5.40 2.83 0.00 0.18 85.00 35.00 2.20 2.83 1.17 0.07
95.00 0.00 10.20 3.17 0.00 0.34 95.00 35.00 5.60 3.17 1.17 0.19
105.00 0.00 14.20 3.50 0.00 0.47 105.00 35.00 8.00 3.50 1.17 0.27
115.00 0.00 17.80 3.83 0.00 0.59 115.00 35.00 10.40 3.83 1.17 0.35
125.00 0.00 20.00 4.17 0.00 0.67 125.00 35.00 12.80 4.17 1.17 0.43
135.00 0.00 22.80 4.50 0.00 0.76 135.00 35.00 15.20 4.50 1.17 0.51
145.00 0.00 24.00 4.83 0.00 0.80 145.00 35.00 16.70 4.83 1.17 0.56
155.00 0.00 23.30 5.17 0.00 0.78 155.00 35.00 18.70 5.17 1.17 0.62
165.00 0.00 17.20 5.50 0.00 0.57 165.00 35.00 19.90 5.50 1.17 0.66
175.00 0.00 9.60 5.83 0.00 0.32 175.00 35.00 11.20 5.83 1.17 0.37
185.00 0.00 4.20 6.17 0.00 0.14 185.00 35.00 2.90 6.17 1.17 0.10
195.00 0.00 4.40 6.50 0.00 0.15 195.00 35.00 0.80 6.50 1.17 0.03
205.00 0.00 2.30 6.83 0.00 0.08 205.00 35.00 -0.20 6.83 1.17 -0.01
215.00 0.00 0.90 7.17 0.00 0.03 215.00 35.00 -2.00 7.17 1.17 -0.07






Test No. T.8.9.3.033 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 30
Perpendicular Profile Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 90.00 -1.22 0.00 3.00 -0.04 -55.00 0.00 0.00 -1.83 0.00 0.00
0.00 80.00 -2.50 0.00 2.67 -0.08 -53.00 5.00 0.00 -1.77 0.17 0.00
0.00 70.00 -1.00 0.00 2.33 -0.03 -51.00 10.00 0.00 -1.70 0.33 0.00
0.00 60.00 -1.98 0.00 2.00 -0.07 -49.00 15.00 0.00 -1.63 0.50 0.00
0.00 50.00 -9.80 0.00 1.67 -0.33 -47.00 20.00 0.00 -1.57 0.67 0.00
0.00 40.00 -16.50 0.00 1.33 -0.55 -46.00 25.00 0.00 -1.53 0.83 0.00
0.00 30.00 -23.50 0.00 1.00 -0.78 -45.00 30.00 0.00 -1.50 1.00 0.00
0.00 20.00 -31.30 0.00 0.67 -1.04 -40.00 35.00 0.00 -1.33 1.17 0.00
0.00 15.00 -31.40 0.00 0.50 -1.05 -35.00 38.00 0.00 -1.17 1.27 0.00
0.00 10.00 -30.90 0.00 0.33 -1.03 -30.00 41.00 0.00 -1.00 1.37 0.00
0.00 0.00 -30.90 0.00 0.00 -1.03 -25.00 48.00 0.00 -0.83 1.60 0.00
0.00 -10.00 -30.90 0.00 -0.33 -1.03 -20.00 51.00 0.00 -0.67 1.70 0.00
0.00 -15.00 -30.40 0.00 -0.50 -1.01 -15.00 53.00 0.00 -0.50 1.77 0.00
0.00 -20.00 -29.20 0.00 -0.67 -0.97 -10.00 56.00 0.00 -0.33 1.87 0.00
0.00 -30.00 -23.80 0.00 -1.00 -0.79 -5.00 58.00 0.00 -0.17 1.93 0.00
0.00 -40.00 -17.50 0.00 -1.33 -0.58 0.00 60.00 0.00 0.00 2.00 0.00
0.00 -50.00 -8.90 0.00 -1.67 -0.30 5.00 61.00 0.00 0.17 2.03 0.00
0.00 -60.00 -1.20 0.00 -2.00 -0.04 10.00 62.00 0.00 0.33 2.07 0.00
0.00 -70.00 0.33 0.00 -2.33 0.01 15.00 62.00 0.00 0.50 2.07 0.00
0.00 -80.00 0.10 0.00 -2.67 0.00 20.00 62.00 0.00 0.67 2.07 0.00
0.00 -90.00 0.20 0.00 -3.00 0.01 25.00 64.00 0.00 0.83 2.13 0.00
30.00 64.00 0.00 1.00 2.13 0.00
35.00 64.00 0.00 1.17 2.13 0.00
40.00 60.00 0.00 1.33 2.00 0.00
45.00 59.00 0.00 1.50 1.97 0.00
50.00 58.00 0.00 1.67 1.93 0.00
55.00 56.00 0.00 1.83 1.87 0.00
60.00 52.00 0.00 2.00 1.73 0.00
65.00 48.00 0.00 2.17 1.60 0.00
70.00 40.00 0.00 2.33 1.33 0.00
74.00 35.00 0.00 2.47 1.17 0.00
74.00 30.00 0.00 2.47 1.00 0.00
74.00 25.00 0.00 2.47 0.83 0.00
74.00 20.00 0.00 2.47 0.67 0.00
73.00 15.00 0.00 2.43 0.50 0.00
72.00 10.00 0.00 2.40 0.33 0.00
71.00 5.00 0.00 2.37 0.17 0.00
70.00 0.00 0.00 2.33 0.00 0.00
71.00 -5.00 0.00 2.37 -0.17 0.00
72.00 -10.00 0.00 2.40 -0.33 0.00
73.00 -15.00 0.00 2.43 -0.50 0.00
74.00 -20.00 0.00 2.47 -0.67 0.00
74.00 -25.00 0.00 2.47 -0.83 0.00
74.00 -30.00 0.00 2.47 -1.00 0.00
74.00 -35.00 0.00 2.47 -1.17 0.00
70.00 -40.00 0.00 2.33 -1.33 0.00
65.00 -48.00 0.00 2.17 -1.60 0.00
60.00 -52.00 0.00 2.00 -1.73 0.00
55.00 -56.00 0.00 1.83 -1.87 0.00
50.00 -58.00 0.00 1.67 -1.93 0.00
45.00 -59.00 0.00 1.50 -1.97 0.00
40.00 -60.00 0.00 1.33 -2.00 0.00
35.00 -64.00 0.00 1.17 -2.13 0.00
30.00 -64.00 0.00 1.00 -2.13 0.00
25.00 -64.00 0.00 0.83 -2.13 0.00
20.00 -62.00 0.00 0.67 -2.07 0.00
15.00 -62.00 0.00 0.50 -2.07 0.00
10.00 -62.00 0.00 0.33 -2.07 0.00
5.00 -61.00 0.00 0.17 -2.03 0.00
0.00 -60.00 0.00 0.00 -2.00 0.00
-5.00 -58.00 0.00 -0.17 -1.93 0.00
-10.00 -56.00 0.00 -0.33 -1.87 0.00
-15.00 -53.00 0.00 -0.50 -1.77 0.00
-20.00 -51.00 0.00 -0.67 -1.70 0.00
-25.00 -48.00 0.00 -0.83 -1.60 0.00
-30.00 -41.00 0.00 -1.00 -1.37 0.00
-35.00 -38.00 0.00 -1.17 -1.27 0.00
-40.00 -35.00 0.00 -1.33 -1.17 0.00
-45.00 -30.00 0.00 -1.50 -1.00 0.00
-46.00 -25.00 0.00 -1.53 -0.83 0.00
-47.00 -20.00 0.00 -1.57 -0.67 0.00
-49.00 -15.00 0.00 -1.63 -0.50 0.00
-51.00 -10.00 0.00 -1.70 -0.33 0.00
-53.00 -5.00 0.00 -1.77 -0.17 0.00






Test No. T.8.9.3.033 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 30
Deposit Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D
45.00 62.00 0.13 1.50 2.07 0.04
55.00 62.00 -0.01 1.83 2.07 0.00
65.00 62.00 0.06 2.17 2.07 0.02
75.00 65.00 -0.18 2.50 2.17 -0.06
85.00 65.00 -0.02 2.83 2.17 -0.01
95.00 67.00 0.06 3.17 2.23 0.02
105.00 70.00 -0.01 3.50 2.33 0.00
115.00 72.00 -0.06 3.83 2.40 -0.02
125.00 74.00 -0.02 4.17 2.47 -0.01
135.00 76.00 -0.01 4.50 2.53 0.00
145.00 77.00 0.05 4.83 2.57 0.02
155.00 77.00 0.03 5.17 2.57 0.01
165.00 77.00 0.04 5.50 2.57 0.01
175.00 76.00 -0.02 5.83 2.53 -0.01
185.00 64.00 -0.36 6.17 2.13 -0.12
190.00 60.00 -0.36 6.33 2.00 -0.12
195.00 50.00 -0.21 6.50 1.67 -0.07
195.00 40.00 -0.02 6.50 1.33 -0.01
185.00 30.00 0.27 6.17 1.00 0.09
184.00 20.00 0.23 6.13 0.67 0.08
181.00 10.00 0.28 6.03 0.33 0.09
174.00 0.00 -0.53 5.80 0.00 -0.18
181.00 -10.00 0.28 6.03 -0.33 0.09
184.00 -20.00 0.23 6.13 -0.67 0.08
185.00 -30.00 0.27 6.17 -1.00 0.09
195.00 -40.00 -0.02 6.50 -1.33 -0.01
195.00 -50.00 -0.21 6.50 -1.67 -0.07
190.00 -60.00 -0.36 6.33 -2.00 -0.12
185.00 -64.00 -0.36 6.17 -2.13 -0.12
175.00 -76.00 -0.02 5.83 -2.53 -0.01
165.00 -77.00 0.04 5.50 -2.57 0.01
155.00 -77.00 0.03 5.17 -2.57 0.01
145.00 -77.00 0.05 4.83 -2.57 0.02
135.00 -76.00 -0.01 4.50 -2.53 0.00
125.00 -74.00 -0.02 4.17 -2.47 -0.01
115.00 -72.00 -0.06 3.83 -2.40 -0.02
105.00 -70.00 -0.01 3.50 -2.33 0.00
95.00 -67.00 0.06 3.17 -2.23 0.02
85.00 -65.00 -0.02 2.83 -2.17 -0.01
75.00 -65.00 -0.18 2.50 -2.17 -0.06
65.00 -62.00 0.06 2.17 -2.07 0.02
55.00 -62.00 -0.01 1.83 -2.07 0.00





Test No. T.8.9.45.050 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 45
Length Wise Profiles Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-132.50 0.00 1.50 -2.94 0.00 0.03 -132.50 -60.00 0.10 -2.94 -1.33 0.00
-122.50 0.00 0.60 -2.72 0.00 0.01 -122.50 -60.00 -0.10 -2.72 -1.33 0.00
-112.50 0.00 -0.12 -2.50 0.00 0.00 -112.50 -60.00 -0.60 -2.50 -1.33 -0.01
-102.50 0.00 -3.90 -2.28 0.00 -0.09 -102.50 -60.00 -0.60 -2.28 -1.33 -0.01
-92.50 0.00 -12.80 -2.06 0.00 -0.28 -92.50 -60.00 -1.70 -2.06 -1.33 -0.04
-82.50 0.00 -17.80 -1.83 0.00 -0.40 -82.50 -60.00 -6.30 -1.83 -1.33 -0.14
-72.50 0.00 -27.80 -1.61 0.00 -0.62 -72.50 -60.00 -12.00 -1.61 -1.33 -0.27
-62.50 0.00 -33.50 -1.39 0.00 -0.74 -62.50 -60.00 -17.50 -1.39 -1.33 -0.39
-52.50 0.00 -39.40 -1.17 0.00 -0.88 -52.50 -60.00 -24.70 -1.17 -1.33 -0.55
-42.50 0.00 -48.60 -0.94 0.00 -1.08 -42.50 -60.00 -28.30 -0.94 -1.33 -0.63
-32.50 0.00 -55.00 -0.72 0.00 -1.22 -32.50 -60.00 -30.80 -0.72 -1.33 -0.68
-22.50 0.00 -53.40 -0.50 0.00 -1.19 -22.50 -60.00 -32.30 -0.50 -1.33 -0.72
-12.50 0.00 -41.85 -0.28 0.00 -0.93 -12.50 -60.00 -33.30 -0.28 -1.33 -0.74
-2.50 0.00 -41.85 -0.06 0.00 -0.93 -2.50 -60.00 -29.00 -0.06 -1.33 -0.64
7.50 0.00 -41.85 0.17 0.00 -0.93 7.50 -60.00 -30.70 0.17 -1.33 -0.68
17.50 0.00 -41.85 0.39 0.00 -0.93 17.50 -60.00 -31.70 0.39 -1.33 -0.70
22.50 0.00 -30.30 0.50 0.00 -0.67 27.50 -60.00 -26.70 0.61 -1.33 -0.59
27.50 0.00 -29.90 0.61 0.00 -0.66 37.50 -60.00 -23.50 0.83 -1.33 -0.52
37.50 0.00 -29.90 0.83 0.00 -0.66 47.50 -60.00 -20.30 1.06 -1.33 -0.45
47.50 0.00 -26.40 1.06 0.00 -0.59 57.50 -60.00 -16.30 1.28 -1.33 -0.36
57.50 0.00 -21.50 1.28 0.00 -0.48 67.50 -60.00 -13.30 1.50 -1.33 -0.30
67.50 0.00 -16.80 1.50 0.00 -0.37 77.50 -60.00 -9.00 1.72 -1.33 -0.20
77.50 0.00 -11.00 1.72 0.00 -0.24 87.50 -60.00 -4.40 1.94 -1.33 -0.10
87.50 0.00 -4.50 1.94 0.00 -0.10 97.50 -60.00 -2.30 2.17 -1.33 -0.05
97.50 0.00 1.50 2.17 0.00 0.03 107.50 -60.00 1.90 2.39 -1.33 0.04
107.50 0.00 6.50 2.39 0.00 0.14 117.50 -60.00 4.00 2.61 -1.33 0.09
117.50 0.00 9.80 2.61 0.00 0.22 127.50 -60.00 6.60 2.83 -1.33 0.15
127.50 0.00 15.50 2.83 0.00 0.34 137.50 -60.00 9.10 3.06 -1.33 0.20
137.50 0.00 18.90 3.06 0.00 0.42 147.50 -60.00 9.60 3.28 -1.33 0.21
147.50 0.00 21.20 3.28 0.00 0.47 157.50 -60.00 11.10 3.50 -1.33 0.25
157.50 0.00 22.00 3.50 0.00 0.49 167.50 -60.00 13.20 3.72 -1.33 0.29
167.50 0.00 24.50 3.72 0.00 0.54 177.50 -60.00 14.80 3.94 -1.33 0.33
177.50 0.00 28.50 3.94 0.00 0.63 187.50 -60.00 17.20 4.17 -1.33 0.38
187.50 0.00 30.00 4.17 0.00 0.67 197.50 -60.00 18.00 4.39 -1.33 0.40
197.50 0.00 30.20 4.39 0.00 0.67 207.50 -60.00 19.60 4.61 -1.33 0.44
207.50 0.00 31.70 4.61 0.00 0.70 217.50 -60.00 21.30 4.83 -1.33 0.47
217.50 0.00 33.50 4.83 0.00 0.74 227.50 -60.00 21.40 5.06 -1.33 0.48
227.50 0.00 35.30 5.06 0.00 0.78 237.50 -60.00 22.20 5.28 -1.33 0.49
237.50 0.00 34.40 5.28 0.00 0.76 247.50 -60.00 21.40 5.50 -1.33 0.48
247.50 0.00 33.54 5.50 0.00 0.75 257.50 -60.00 21.70 5.72 -1.33 0.48
257.50 0.00 34.60 5.72 0.00 0.77 267.50 -60.00 22.80 5.94 -1.33 0.51
267.50 0.00 32.10 5.94 0.00 0.71 277.50 -60.00 21.50 6.17 -1.33 0.48
277.50 0.00 24.20 6.17 0.00 0.54 287.50 -60.00 20.50 6.39 -1.33 0.46
287.50 0.00 17.00 6.39 0.00 0.38 297.50 -60.00 14.30 6.61 -1.33 0.32
297.50 0.00 10.50 6.61 0.00 0.23 307.50 -60.00 7.40 6.83 -1.33 0.16
307.50 0.00 4.80 6.83 0.00 0.11 317.50 -60.00 2.80 7.06 -1.33 0.06
317.50 0.00 5.00 7.06 0.00 0.11 327.50 -60.00 -3.90 7.28 -1.33 -0.09
327.50 0.00 2.30 7.28 0.00 0.05 337.50 -60.00 -7.20 7.50 -1.33 -0.16
337.50 0.00 0.90 7.50 0.00 0.02 347.50 -60.00 -9.90 7.72 -1.33 -0.22
347.50 0.00 0.50 7.72 0.00 0.01 357.50 -60.00 -12.10 7.94 -1.33 -0.27






Test No. T.8.9.45.050 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 45
Perpendicular Profile Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 140.00 -0.20 0.00 3.11 0.00 -107.50 0.00 0.00 -2.39 0.00 0.00
0.00 130.00 -1.50 0.00 2.89 -0.03 -105.50 10.00 0.00 -2.34 0.22 0.00
0.00 120.00 -2.00 0.00 2.67 -0.04 -103.50 20.00 0.00 -2.30 0.44 0.00
0.00 110.00 -7.70 0.00 2.44 -0.17 -100.50 30.00 0.00 -2.23 0.67 0.00
0.00 100.00 -13.10 0.00 2.22 -0.29 -96.50 40.00 0.00 -2.14 0.89 0.00
0.00 90.00 -16.70 0.00 2.00 -0.37 -88.50 50.00 0.00 -1.97 1.11 0.00
0.00 80.00 -21.80 0.00 1.78 -0.48 -85.50 60.00 0.00 -1.90 1.33 0.00
0.00 70.00 -21.40 0.00 1.56 -0.48 -78.50 70.00 0.00 -1.74 1.56 0.00
0.00 60.00 -34.70 0.00 1.33 -0.77 -72.50 75.00 0.00 -1.61 1.67 0.00
0.00 50.00 -43.00 0.00 1.11 -0.96 -62.50 82.00 0.00 -1.39 1.82 0.00
0.00 40.00 -47.50 0.00 0.89 -1.06 -52.50 90.00 0.00 -1.17 2.00 0.00
0.00 30.00 -46.10 0.00 0.67 -1.02 -42.50 97.00 0.00 -0.94 2.16 0.00
0.00 22.50 -43.00 0.00 0.50 -0.96 -32.50 102.00 0.00 -0.72 2.27 0.00
0.00 20.00 -42.75 0.00 0.44 -0.95 -22.50 105.00 0.00 -0.50 2.33 0.00
0.00 10.00 -42.75 0.00 0.22 -0.95 -12.50 110.00 0.00 -0.28 2.44 0.00
0.00 0.00 -42.75 0.00 0.00 -0.95 -2.50 113.00 0.00 -0.06 2.51 0.00
0.00 -10.00 -42.75 0.00 -0.22 -0.95 7.50 117.00 0.00 0.17 2.60 0.00
0.00 -20.00 -42.75 0.00 -0.44 -0.95 17.50 120.00 0.00 0.39 2.67 0.00
0.00 -22.50 -42.50 0.00 -0.50 -0.94 27.50 121.00 0.00 0.61 2.69 0.00
0.00 -30.00 -46.20 0.00 -0.67 -1.03 37.50 120.00 0.00 0.83 2.67 0.00
0.00 -40.00 -41.70 0.00 -0.89 -0.93 47.50 119.00 0.00 1.06 2.64 0.00
0.00 -50.00 -32.90 0.00 -1.11 -0.73 57.50 115.00 0.00 1.28 2.56 0.00
0.00 -60.00 -27.00 0.00 -1.33 -0.60 67.50 107.00 0.00 1.50 2.38 0.00
0.00 -70.00 -22.60 0.00 -1.56 -0.50 73.50 100.00 0.00 1.63 2.22 0.00
0.00 -80.00 -15.30 0.00 -1.78 -0.34 82.50 90.00 0.00 1.83 2.00 0.00
0.00 -90.00 -11.10 0.00 -2.00 -0.25 87.50 80.00 0.00 1.94 1.78 0.00
0.00 -100.00 -3.10 0.00 -2.22 -0.07 92.50 70.00 0.00 2.06 1.56 0.00
0.00 -110.00 -1.10 0.00 -2.44 -0.02 95.50 60.00 0.00 2.12 1.33 0.00
0.00 -120.00 1.00 0.00 -2.67 0.02 98.50 50.00 0.00 2.19 1.11 0.00
64.75 -130.00 1.60 1.44 -2.89 0.04 97.50 40.00 0.00 2.17 0.89 0.00
95.50 30.00 0.00 2.12 0.67 0.00
92.50 20.00 0.00 2.06 0.44 0.00
91.50 10.00 0.00 2.03 0.22 0.00
92.50 0.00 0.00 2.06 0.00 0.00
91.50 -10.00 0.00 2.03 -0.22 0.00
92.50 -20.00 0.00 2.06 -0.44 0.00
95.50 -30.00 0.00 2.12 -0.67 0.00
97.50 -40.00 0.00 2.17 -0.89 0.00
98.50 -50.00 0.00 2.19 -1.11 0.00
95.50 -60.00 0.00 2.12 -1.33 0.00
92.50 -70.00 0.00 2.06 -1.56 0.00
87.50 -80.00 0.00 1.94 -1.78 0.00
82.50 -90.00 0.00 1.83 -2.00 0.00
73.50 -100.00 0.00 1.63 -2.22 0.00
67.50 -107.00 0.00 1.50 -2.38 0.00
57.50 -115.00 0.00 1.28 -2.56 0.00
47.50 -119.00 0.00 1.06 -2.64 0.00
37.50 -120.00 0.00 0.83 -2.67 0.00
27.50 -121.00 0.00 0.61 -2.69 0.00
17.50 -120.00 0.00 0.39 -2.67 0.00
7.50 -117.00 0.00 0.17 -2.60 0.00
-2.50 -113.00 0.00 -0.06 -2.51 0.00
-12.50 -110.00 0.00 -0.28 -2.44 0.00
-22.50 -105.00 0.00 -0.50 -2.33 0.00
-32.50 -102.00 0.00 -0.72 -2.27 0.00
-42.50 -97.00 0.00 -0.94 -2.16 0.00
-52.50 -90.00 0.00 -1.17 -2.00 0.00
-62.50 -82.00 0.00 -1.39 -1.82 0.00
-72.50 -75.00 0.00 -1.61 -1.67 0.00
-78.50 -70.00 0.00 -1.74 -1.56 0.00
-85.50 -60.00 0.00 -1.90 -1.33 0.00
-88.50 -50.00 0.00 -1.97 -1.11 0.00
-96.50 -40.00 0.00 -2.14 -0.89 0.00
-100.50 -30.00 0.00 -2.23 -0.67 0.00
-103.50 -20.00 0.00 -2.30 -0.44 0.00
-105.50 -10.00 0.00 -2.34 -0.22 0.00






Test No. T.8.9.45.050 Flume Width (mm) 900
Velocity (m/sec) 0.248 Pier Diameter (mm) 45
Deposit Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D
37.50 126.00 -0.04 0.83 2.80 0.00
47.50 126.00 -0.12 1.06 2.80 0.00
57.50 128.00 -0.02 1.28 2.84 0.00
67.50 128.00 0.00 1.50 2.84 0.00
77.50 129.00 -0.03 1.72 2.87 0.00
87.50 129.00 -0.01 1.94 2.87 0.00
97.50 130.00 0.01 2.17 2.89 0.00
107.50 131.00 0.06 2.39 2.91 0.00
117.50 132.00 -0.01 2.61 2.93 0.00
127.50 133.00 0.06 2.83 2.96 0.00
137.50 134.00 0.15 3.06 2.98 0.00
147.50 136.00 0.13 3.28 3.02 0.00
157.50 137.00 0.18 3.50 3.04 0.00
167.50 140.00 0.09 3.72 3.11 0.00
177.50 142.00 0.10 3.94 3.16 0.00
187.50 142.00 0.10 4.17 3.16 0.00
197.50 144.00 0.05 4.39 3.20 0.00
207.50 144.00 0.12 4.61 3.20 0.00
217.50 144.00 0.13 4.83 3.20 0.00
227.50 145.00 0.01 5.06 3.22 0.00
237.50 143.00 0.00 5.28 3.18 0.00
247.50 142.00 0.11 5.50 3.16 0.00
257.50 140.00 0.05 5.72 3.11 0.00
267.50 137.00 0.14 5.94 3.04 0.00
277.50 130.00 0.00 6.17 2.89 0.00
287.50 122.00 -0.31 6.39 2.71 -0.01
297.50 106.00 -0.05 6.61 2.36 0.00
307.50 92.00 -0.04 6.83 2.04 0.00
309.50 90.00 -0.03 6.88 2.00 0.00
310.50 80.00 0.35 6.90 1.78 0.01
313.50 70.00 0.40 6.97 1.56 0.01
316.50 60.00 0.44 7.03 1.33 0.01
317.50 50.00 0.64 7.06 1.11 0.01
325.50 40.00 0.52 7.23 0.89 0.01
323.50 30.00 0.68 7.19 0.67 0.02
319.50 20.00 0.65 7.10 0.44 0.01
312.50 10.00 0.75 6.94 0.22 0.02
305.50 0.00 0.80 6.79 0.00 0.02
312.50 -10.00 0.75 6.94 -0.22 0.02
319.50 -20.00 0.65 7.10 -0.44 0.01
323.50 -30.00 0.68 7.19 -0.67 0.02
325.50 -40.00 0.52 7.23 -0.89 0.01
317.50 -50.00 0.64 7.06 -1.11 0.01
316.50 -60.00 0.44 7.03 -1.33 0.01
313.50 -70.00 0.40 6.97 -1.56 0.01
310.50 -80.00 0.35 6.90 -1.78 0.01
309.50 -90.00 -0.03 6.88 -2.00 0.00
307.50 -92.00 -0.04 6.83 -2.04 0.00
297.50 -106.00 -0.05 6.61 -2.36 0.00
287.50 -122.00 -0.31 6.39 -2.71 -0.01
277.50 -130.00 0.00 6.17 -2.89 0.00
267.50 -137.00 0.14 5.94 -3.04 0.00
257.50 -140.00 0.05 5.72 -3.11 0.00
247.50 -142.00 0.11 5.50 -3.16 0.00
237.50 -143.00 0.00 5.28 -3.18 0.00
227.50 -145.00 -0.01 5.06 -3.22 0.00
217.50 -144.00 0.13 4.83 -3.20 0.00
207.50 -144.00 0.12 4.61 -3.20 0.00
197.50 -144.00 0.05 4.39 -3.20 0.00
187.50 -142.00 0.10 4.17 -3.16 0.00
177.50 -142.00 0.10 3.94 -3.16 0.00
167.50 -140.00 0.09 3.72 -3.11 0.00
157.50 -137.00 0.18 3.50 -3.04 0.00
147.50 -136.00 0.13 3.28 -3.02 0.00
137.50 -134.00 0.15 3.06 -2.98 0.00
127.50 -133.00 0.06 2.83 -2.96 0.00
117.50 -132.00 -0.01 2.61 -2.93 0.00
107.50 -131.00 0.06 2.39 -2.91 0.00
97.50 -130.00 0.01 2.17 -2.89 0.00
87.50 -129.00 -0.01 1.94 -2.87 0.00
77.50 -129.00 -0.03 1.72 -2.87 0.00
67.50 -128.00 0.00 1.50 -2.84 0.00
57.50 -128.00 -0.02 1.28 -2.84 0.00
47.50 -126.00 -0.12 1.06 -2.80 0.00






Test No. T.9.9.1.011 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 10
Length Wise Profiles Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-45.00 0.00 -0.71 -4.50 0.00 -0.07 -45.00 40.00 -0.93 -4.50 4.00 -0.09
-40.00 0.00 -0.49 -4.00 0.00 -0.05 -40.00 40.00 -0.32 -4.00 4.00 -0.03
-35.00 0.00 -0.39 -3.50 0.00 -0.04 -35.00 40.00 -0.88 -3.50 4.00 -0.09
-30.00 0.00 -2.90 -3.00 0.00 -0.29 -30.00 40.00 -0.78 -3.00 4.00 -0.08
-25.00 0.00 -5.78 -2.50 0.00 -0.58 -25.00 40.00 -1.02 -2.50 4.00 -0.10
-20.00 0.00 -11.70 -2.00 0.00 -1.17 -20.00 40.00 -0.83 -2.00 4.00 -0.08
-15.00 0.00 -15.90 -1.50 0.00 -1.59 -15.00 40.00 -1.29 -1.50 4.00 -0.13
-10.00 0.00 -22.70 -1.00 0.00 -2.27 -10.00 40.00 -1.61 -1.00 4.00 -0.16
-5.00 0.00 -23.54 -0.50 0.00 -2.35 -5.00 40.00 -2.67 -0.50 4.00 -0.27
0.00 0.00 -21.68 0.00 0.00 -2.17 0.00 40.00 -6.49 0.00 4.00 -0.65
5.00 0.00 -19.82 0.50 0.00 -1.98 5.00 40.00 -8.40 0.50 4.00 -0.84
10.00 0.00 -19.96 1.00 0.00 -2.00 10.00 40.00 -9.58 1.00 4.00 -0.96
15.00 0.00 -18.70 1.50 0.00 -1.87 15.00 40.00 -10.10 1.50 4.00 -1.01
20.00 0.00 -18.30 2.00 0.00 -1.83 20.00 40.00 -13.10 2.00 4.00 -1.31
25.00 0.00 -17.20 2.50 0.00 -1.72 25.00 40.00 -12.90 2.50 4.00 -1.29
30.00 0.00 -15.40 3.00 0.00 -1.54 30.00 40.00 -13.40 3.00 4.00 -1.34
35.00 0.00 -15.30 3.50 0.00 -1.53 35.00 40.00 -13.57 3.50 4.00 -1.36
40.00 0.00 -14.90 4.00 0.00 -1.49 40.00 40.00 -14.41 4.00 4.00 -1.44
45.00 0.00 -13.90 4.50 0.00 -1.39 45.00 40.00 -13.53 4.50 4.00 -1.35
50.00 0.00 -13.70 5.00 0.00 -1.37 50.00 40.00 -13.32 5.00 4.00 -1.33
55.00 0.00 -12.50 5.50 0.00 -1.25 55.00 40.00 -13.33 5.50 4.00 -1.33
60.00 0.00 -11.90 6.00 0.00 -1.19 60.00 40.00 -12.58 6.00 4.00 -1.26
65.00 0.00 -10.70 6.50 0.00 -1.07 65.00 40.00 -11.37 6.50 4.00 -1.14
70.00 0.00 -9.90 7.00 0.00 -0.99 70.00 40.00 -10.39 7.00 4.00 -1.04
75.00 0.00 -8.80 7.50 0.00 -0.88 75.00 40.00 -8.58 7.50 4.00 -0.86
80.00 0.00 -8.50 8.00 0.00 -0.85 80.00 40.00 -8.48 8.00 4.00 -0.85
85.00 0.00 -8.30 8.50 0.00 -0.83 85.00 40.00 -7.62 8.50 4.00 -0.76
90.00 0.00 -5.78 9.00 0.00 -0.58 90.00 40.00 -6.08 9.00 4.00 -0.61
95.00 0.00 -5.60 9.50 0.00 -0.56 95.00 40.00 -5.20 9.50 4.00 -0.52
100.00 0.00 -3.20 10.00 0.00 -0.32 100.00 40.00 -4.92 10.00 4.00 -0.49
105.00 0.00 -0.40 10.50 0.00 -0.04 105.00 40.00 -4.43 10.50 4.00 -0.44
110.00 0.00 -0.90 11.00 0.00 -0.09 110.00 40.00 -2.07 11.00 4.00 -0.21
115.00 0.00 1.00 11.50 0.00 0.10 115.00 40.00 -0.68 11.50 4.00 -0.07
120.00 0.00 3.20 12.00 0.00 0.32 120.00 40.00 0.42 12.00 4.00 0.04
125.00 0.00 3.80 12.50 0.00 0.38 125.00 40.00 0.47 12.50 4.00 0.05
130.00 0.00 5.50 13.00 0.00 0.55 130.00 40.00 1.02 13.00 4.00 0.10
135.00 0.00 5.90 13.50 0.00 0.59 135.00 40.00 2.78 13.50 4.00 0.28
140.00 0.00 5.80 14.00 0.00 0.58 140.00 40.00 2.69 14.00 4.00 0.27
150.00 0.00 7.90 15.00 0.00 0.79 150.00 40.00 3.24 15.00 4.00 0.32
160.00 0.00 8.80 16.00 0.00 0.88 160.00 40.00 3.33 16.00 4.00 0.33
170.00 0.00 9.40 17.00 0.00 0.94 170.00 40.00 3.49 17.00 4.00 0.35
180.00 0.00 9.60 18.00 0.00 0.96 180.00 40.00 3.98 18.00 4.00 0.40
190.00 0.00 10.20 19.00 0.00 1.02 190.00 40.00 3.09 19.00 4.00 0.31
200.00 0.00 10.20 20.00 0.00 1.02 200.00 40.00 4.38 20.00 4.00 0.44
210.00 0.00 10.30 21.00 0.00 1.03 210.00 40.00 4.60 21.00 4.00 0.46
220.00 0.00 10.50 22.00 0.00 1.05 220.00 40.00 5.90 22.00 4.00 0.59
230.00 0.00 9.70 23.00 0.00 0.97 230.00 40.00 4.80 23.00 4.00 0.48
240.00 0.00 10.50 24.00 0.00 1.05 240.00 40.00 5.44 24.00 4.00 0.54
250.00 0.00 9.30 25.00 0.00 0.93 250.00 40.00 5.28 25.00 4.00 0.53
260.00 0.00 9.30 26.00 0.00 0.93 260.00 40.00 5.39 26.00 4.00 0.54
270.00 0.00 7.20 27.00 0.00 0.72 270.00 40.00 5.78 27.00 4.00 0.58
280.00 0.00 5.30 28.00 0.00 0.53 280.00 40.00 4.92 28.00 4.00 0.49
290.00 0.00 -1.10 29.00 0.00 -0.11 290.00 40.00 3.92 29.00 4.00 0.39
300.00 0.00 -3.00 30.00 0.00 -0.30 300.00 40.00 2.59 30.00 4.00 0.26
310.00 0.00 -3.60 31.00 0.00 -0.36 310.00 40.00 -2.58 31.00 4.00 -0.26
320.00 0.00 -2.50 32.00 0.00 -0.25 320.00 40.00 -5.38 32.00 4.00 -0.54






Test No. T.9.9.1.011 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 10
Perpendicular Profile Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 70.00 -1.14 0.00 7.00 -0.11 -27.00 0.00 0.00 -2.70 0.00 0.00
0.00 65.00 -1.00 0.00 6.50 -0.10 -26.00 5.00 0.00 -2.60 0.50 0.00
0.00 60.00 -1.14 0.00 6.00 -0.11 -25.00 10.00 0.00 -2.50 1.00 0.00
0.00 55.00 -1.50 0.00 5.50 -0.15 -23.00 15.00 0.00 -2.30 1.50 0.00
0.00 50.00 -2.40 0.00 5.00 -0.24 -18.00 20.00 0.00 -1.80 2.00 0.00
0.00 45.00 -1.20 0.00 4.50 -0.12 -15.00 25.00 0.00 -1.50 2.50 0.00
0.00 40.00 -2.80 0.00 4.00 -0.28 -11.00 30.00 0.00 -1.10 3.00 0.00
0.00 35.00 -5.10 0.00 3.50 -0.51 -5.00 35.00 0.00 -0.50 3.50 0.00
0.00 30.00 -8.20 0.00 3.00 -0.82 0.00 39.00 0.00 0.00 3.90 0.00
0.00 25.00 -10.20 0.00 2.50 -1.02 5.00 45.00 0.00 0.50 4.50 0.00
0.00 20.00 -14.30 0.00 2.00 -1.43 10.00 49.00 0.00 1.00 4.90 0.00
0.00 15.00 -18.30 0.00 1.50 -1.83 15.00 51.00 0.00 1.50 5.10 0.00
0.00 10.00 -21.50 0.00 1.00 -2.15 20.00 55.00 0.00 2.00 5.50 0.00
0.00 5.00 -22.60 0.00 0.50 -2.26 25.00 59.00 0.00 2.50 5.90 0.00
0.00 0.00 -22.40 0.00 0.00 -2.24 30.00 62.00 0.00 3.00 6.20 0.00
0.00 -5.00 -22.20 0.00 -0.50 -2.22 35.00 62.00 0.00 3.50 6.20 0.00
0.00 -10.00 -22.70 0.00 -1.00 -2.27 40.00 64.00 0.00 4.00 6.40 0.00
0.00 -15.00 -17.90 0.00 -1.50 -1.79 45.00 66.00 0.00 4.50 6.60 0.00
0.00 -20.00 -12.90 0.00 -2.00 -1.29 50.00 66.00 0.00 5.00 6.60 0.00
0.00 -25.00 -11.20 0.00 -2.50 -1.12 55.00 67.00 0.00 5.50 6.70 0.00
0.00 -30.00 -9.80 0.00 -3.00 -0.98 60.00 66.00 0.00 6.00 6.60 0.00
0.00 -35.00 -6.20 0.00 -3.50 -0.62 65.00 64.00 0.00 6.50 6.40 0.00
0.00 -40.00 -3.80 0.00 -4.00 -0.38 70.00 62.00 0.00 7.00 6.20 0.00
0.00 -45.00 -0.30 0.00 -4.50 -0.03 75.00 61.00 0.00 7.50 6.10 0.00
0.00 -50.00 -0.50 0.00 -5.00 -0.05 80.00 58.00 0.00 8.00 5.80 0.00
0.00 -55.00 -0.17 0.00 -5.50 -0.02 85.00 57.00 0.00 8.50 5.70 0.00
0.00 -60.00 0.84 0.00 -6.00 0.08 90.00 55.00 0.00 9.00 5.50 0.00
0.00 -65.00 -0.93 0.00 -6.50 -0.09 95.00 52.00 0.00 9.50 5.20 0.00
0.00 -70.00 0.14 0.00 -7.00 0.01 100.00 48.00 0.00 10.00 4.80 0.00
105.00 42.00 0.00 10.50 4.20 0.00
108.00 40.00 0.00 10.80 4.00 0.00
110.00 35.00 0.00 11.00 3.50 0.00
114.00 30.00 0.00 11.40 3.00 0.00
116.00 25.00 0.00 11.60 2.50 0.00
118.00 20.00 0.00 11.80 2.00 0.00
115.00 15.00 0.00 11.50 1.50 0.00
112.00 10.00 0.00 11.20 1.00 0.00
109.00 5.00 0.00 10.90 0.50 0.00
104.00 0.00 0.00 10.40 0.00 0.00
106.00 -5.00 0.00 10.60 -0.50 0.00
109.00 -10.00 0.00 10.90 -1.00 0.00
114.00 -15.00 0.00 11.40 -1.50 0.00
115.00 -20.00 0.00 11.50 -2.00 0.00
117.00 -25.00 0.00 11.70 -2.50 0.00
119.00 -30.00 0.00 11.90 -3.00 0.00
116.00 -35.00 0.00 11.60 -3.50 0.00
115.00 -40.00 0.00 11.50 -4.00 0.00
109.00 -45.00 0.00 10.90 -4.50 0.00
100.00 -50.00 0.00 10.00 -5.00 0.00
95.00 -53.00 0.00 9.50 -5.30 0.00
90.00 -56.00 0.00 9.00 -5.60 0.00
85.00 -59.00 0.00 8.50 -5.90 0.00
80.00 -61.00 0.00 8.00 -6.10 0.00
75.00 -65.00 0.00 7.50 -6.50 0.00
70.00 -67.00 0.00 7.00 -6.70 0.00
65.00 -70.00 0.00 6.50 -7.00 0.00
60.00 -70.00 0.00 6.00 -7.00 0.00
55.00 -69.00 0.00 5.50 -6.90 0.00
50.00 -68.00 0.00 5.00 -6.80 0.00
45.00 -67.00 0.00 4.50 -6.70 0.00
40.00 -66.00 0.00 4.00 -6.60 0.00
31.00 -65.00 0.00 3.10 -6.50 0.00
30.00 -63.00 0.00 3.00 -6.30 0.00
25.00 -60.00 0.00 2.50 -6.00 0.00
20.00 -58.00 0.00 2.00 -5.80 0.00
15.00 -55.00 0.00 1.50 -5.50 0.00
10.00 -51.00 0.00 1.00 -5.10 0.00
5.00 -48.00 0.00 0.50 -4.80 0.00
0.00 -45.00 0.00 0.00 -4.50 0.00
-5.00 -39.00 0.00 -0.50 -3.90 0.00
-10.00 -35.00 0.00 -1.00 -3.50 0.00
-15.00 -30.00 0.00 -1.50 -3.00 0.00
-22.00 -25.00 0.00 -2.20 -2.50 0.00
-26.00 -20.00 0.00 -2.60 -2.00 0.00
-31.00 -15.00 0.00 -3.10 -1.50 0.00
-29.00 -10.00 0.00 -2.90 -1.00 0.00
-28.00 -5.00 0.00 -2.80 -0.50 0.00






Test No. T.9.9.1.011 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 10
Deposite Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D
90.00 55.00 -2.10 9.00 5.50 -0.21
100.00 62.00 -1.11 10.00 6.20 -0.11
110.00 65.00 -0.91 11.00 6.50 -0.09
120.00 69.00 -0.48 12.00 6.90 -0.05
130.00 70.00 -0.83 13.00 7.00 -0.08
140.00 70.00 -0.03 14.00 7.00 0.00
150.00 71.00 0.12 15.00 7.10 0.01
160.00 75.00 -0.17 16.00 7.50 -0.02
170.00 75.00 -2.11 17.00 7.50 -0.21
180.00 73.00 -0.40 18.00 7.30 -0.04
190.00 70.00 -0.80 19.00 7.00 -0.08
200.00 69.00 0.92 20.00 6.90 0.09
210.00 69.00 -0.28 21.00 6.90 -0.03
220.00 68.00 0.57 22.00 6.80 0.06
230.00 67.00 -0.99 23.00 6.70 -0.10
140.00 67.00 -0.10 14.00 6.70 -0.01
250.00 67.00 0.99 25.00 6.70 0.10
260.00 67.00 0.78 26.00 6.70 0.08
270.00 65.00 0.67 27.00 6.50 0.07
280.00 62.00 0.47 28.00 6.20 0.05
290.00 60.00 -0.42 29.00 6.00 -0.04
300.00 52.00 0.40 30.00 5.20 0.04
302.00 50.00 0.80 30.20 5.00 0.08
306.00 45.00 0.78 30.60 4.50 0.08
310.00 40.00 -1.14 31.00 4.00 -0.11
310.00 35.00 -0.68 31.00 3.50 -0.07
310.00 30.00 0.62 31.00 3.00 0.06
310.00 25.00 -0.29 31.00 2.50 -0.03
308.00 20.00 -1.29 30.80 2.00 -0.13
305.00 15.00 -1.64 30.50 1.50 -0.16
301.00 10.00 -1.51 30.10 1.00 -0.15
292.00 5.00 -0.97 29.20 0.50 -0.10
289.00 0.00 -0.48 28.90 0.00 -0.05
289.00 0.00 -0.48 28.90 0.00 -0.05
292.00 -5.00 -0.97 29.20 -0.50 -0.10
301.00 -10.00 -1.51 30.10 -1.00 -0.15
305.00 -15.00 -1.64 30.50 -1.50 -0.16
308.00 -20.00 -1.29 30.80 -2.00 -0.13
310.00 -25.00 -0.29 31.00 -2.50 -0.03
310.00 -30.00 0.62 31.00 -3.00 0.06
310.00 -35.00 -0.68 31.00 -3.50 -0.07
310.00 -40.00 -1.14 31.00 -4.00 -0.11
306.00 -45.00 0.78 30.60 -4.50 0.08
302.00 -50.00 0.80 30.20 -5.00 0.08
300.00 -52.00 0.40 30.00 -5.20 0.04
290.00 -60.00 -0.42 29.00 -6.00 -0.04
280.00 -62.00 0.47 28.00 -6.20 0.05
270.00 -65.00 0.67 27.00 -6.50 0.07
260.00 -67.00 0.78 26.00 -6.70 0.08
250.00 -67.00 0.99 25.00 -6.70 0.10
140.00 -67.00 -0.10 14.00 -6.70 -0.01
230.00 -67.00 -0.99 23.00 -6.70 -0.10
220.00 -68.00 0.57 22.00 -6.80 0.06
210.00 -69.00 -0.28 21.00 -6.90 -0.03
200.00 -69.00 0.92 20.00 -6.90 0.09
190.00 -70.00 -0.80 19.00 -7.00 -0.08
180.00 -73.00 -0.40 18.00 -7.30 -0.04
170.00 -75.00 -2.11 17.00 -7.50 -0.21
160.00 -75.00 -0.17 16.00 -7.50 -0.02
150.00 -71.00 0.12 15.00 -7.10 0.01
140.00 -70.00 -0.03 14.00 -7.00 0.00
130.00 -70.00 -0.83 13.00 -7.00 -0.08
120.00 -69.00 -0.48 12.00 -6.90 -0.05
110.00 -65.00 -0.91 11.00 -6.50 -0.09
100.00 -62.00 -1.11 10.00 -6.20 -0.11






Test No. T.9.9.2.022 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 20
Length Wise Profiles Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-85.00 0.00 -0.99 -4.25 0.00 -0.05 -85.00 5.00 -0.30 -4.25 0.25 -0.02
-80.00 0.00 -0.58 -4.00 0.00 -0.03 -75.00 5.00 -0.70 -3.75 0.25 -0.04
-75.00 0.00 -0.43 -3.75 0.00 -0.02 -65.00 5.00 -0.50 -3.25 0.25 -0.03
-70.00 0.00 -0.27 -3.50 0.00 -0.01 -55.00 5.00 -1.70 -2.75 0.25 -0.09
-65.00 0.00 -1.74 -3.25 0.00 -0.09 -45.00 5.00 -1.10 -2.25 0.25 -0.06
-60.00 0.00 -3.60 -3.00 0.00 -0.18 -35.00 5.00 -3.20 -1.75 0.25 -0.16
-55.00 0.00 -7.98 -2.75 0.00 -0.40 -25.00 5.00 -7.70 -1.25 0.25 -0.39
-50.00 0.00 -12.12 -2.50 0.00 -0.61 -15.00 5.00 -13.70 -0.75 0.25 -0.69
-45.00 0.00 -17.44 -2.25 0.00 -0.87 -5.00 5.00 -17.60 -0.25 0.25 -0.88
-40.00 0.00 -20.10 -2.00 0.00 -1.01 5.00 5.00 -19.80 0.25 0.25 -0.99
-35.00 0.00 -25.44 -1.75 0.00 -1.27 15.00 5.00 -20.20 0.75 0.25 -1.01
-30.00 0.00 -30.02 -1.50 0.00 -1.50 25.00 5.00 -22.60 1.25 0.25 -1.13
-25.00 0.00 -33.72 -1.25 0.00 -1.69 35.00 5.00 -23.70 1.75 0.25 -1.19
-20.00 0.00 -39.29 -1.00 0.00 -1.96 45.00 5.00 -21.70 2.25 0.25 -1.09
-15.00 0.00 -41.04 -0.75 0.00 -2.05 55.00 5.00 -22.60 2.75 0.25 -1.13
-10.00 0.00 -42.30 -0.50 0.00 -2.12 65.00 5.00 -19.20 3.25 0.25 -0.96
-5.00 0.00 -37.00 -0.25 0.00 -1.85 75.00 5.00 -17.40 3.75 0.25 -0.87
0.00 0.00 -37.00 0.00 0.00 -1.85 85.00 5.00 -16.70 4.25 0.25 -0.84
5.00 0.00 -37.00 0.25 0.00 -1.85 95.00 5.00 -12.90 4.75 0.25 -0.65
10.00 0.00 -31.70 0.50 0.00 -1.59 105.00 5.00 -10.90 5.25 0.25 -0.55
15.00 0.00 -31.60 0.75 0.00 -1.58 115.00 5.00 -7.00 5.75 0.25 -0.35
20.00 0.00 -30.80 1.00 0.00 -1.54 125.00 5.00 -3.70 6.25 0.25 -0.19
25.00 0.00 -29.00 1.25 0.00 -1.45 135.00 5.00 -1.60 6.75 0.25 -0.08
30.00 0.00 -27.50 1.50 0.00 -1.38 145.00 5.00 0.30 7.25 0.25 0.02
35.00 0.00 -26.30 1.75 0.00 -1.32 155.00 5.00 1.80 7.75 0.25 0.09
40.00 0.00 -25.00 2.00 0.00 -1.25 165.00 5.00 5.90 8.25 0.25 0.30
45.00 0.00 -22.40 2.25 0.00 -1.12 175.00 5.00 6.70 8.75 0.25 0.34
50.00 0.00 -22.00 2.50 0.00 -1.10 185.00 5.00 8.90 9.25 0.25 0.45
55.00 0.00 -20.60 2.75 0.00 -1.03 195.00 5.00 7.20 9.75 0.25 0.36
60.00 0.00 -19.90 3.00 0.00 -1.00 205.00 5.00 7.70 10.25 0.25 0.39
65.00 0.00 -17.50 3.25 0.00 -0.88 215.00 5.00 8.40 10.75 0.25 0.42
70.00 0.00 -16.00 3.50 0.00 -0.80 225.00 5.00 7.10 11.25 0.25 0.36
75.00 0.00 -15.40 3.75 0.00 -0.77 235.00 5.00 8.10 11.75 0.25 0.41
80.00 0.00 -14.70 4.00 0.00 -0.74 245.00 5.00 9.00 12.25 0.25 0.45
85.00 0.00 -12.30 4.25 0.00 -0.62 255.00 5.00 10.00 12.75 0.25 0.50
90.00 0.00 -9.90 4.50 0.00 -0.50 265.00 5.00 10.00 13.25 0.25 0.50
95.00 0.00 -11.00 4.75 0.00 -0.55 275.00 5.00 10.70 13.75 0.25 0.54
100.00 0.00 -8.10 5.00 0.00 -0.41 285.00 5.00 11.00 14.25 0.25 0.55
105.00 0.00 -7.40 5.25 0.00 -0.37 295.00 5.00 11.00 14.75 0.25 0.55
110.00 0.00 -5.60 5.50 0.00 -0.28 305.00 5.00 11.70 15.25 0.25 0.59
115.00 0.00 -5.30 5.75 0.00 -0.27 315.00 5.00 12.20 15.75 0.25 0.61
120.00 0.00 -3.68 6.00 0.00 -0.18 325.00 5.00 12.30 16.25 0.25 0.62
125.00 0.00 -1.80 6.25 0.00 -0.09 335.00 5.00 12.90 16.75 0.25 0.65
130.00 0.00 -0.10 6.50 0.00 -0.01 345.00 5.00 12.80 17.25 0.25 0.64
135.00 0.00 0.90 6.75 0.00 0.05
145.00 0.00 3.40 7.25 0.00 0.17
155.00 0.00 5.60 7.75 0.00 0.28
165.00 0.00 8.40 8.25 0.00 0.42
175.00 0.00 10.40 8.75 0.00 0.52
185.00 0.00 12.00 9.25 0.00 0.60
195.00 0.00 12.80 9.75 0.00 0.64
205.00 0.00 14.70 10.25 0.00 0.74
215.00 0.00 16.40 10.75 0.00 0.82
225.00 0.00 18.30 11.25 0.00 0.92
235.00 0.00 18.40 11.75 0.00 0.92
245.00 0.00 20.00 12.25 0.00 1.00
255.00 0.00 21.40 12.75 0.00 1.07
265.00 0.00 22.60 13.25 0.00 1.13
275.00 0.00 21.40 13.75 0.00 1.07
285.00 0.00 21.20 14.25 0.00 1.06
295.00 0.00 22.60 14.75 0.00 1.13
305.00 0.00 22.60 15.25 0.00 1.13
315.00 0.00 21.40 15.75 0.00 1.07
325.00 0.00 21.70 16.25 0.00 1.09
335.00 0.00 21.30 16.75 0.00 1.07
345.00 0.00 21.00 17.25 0.00 1.05
355.00 0.00 19.90 17.75 0.00 1.00
365.00 0.00 19.80 18.25 0.00 0.99
375.00 0.00 19.70 18.75 0.00 0.99
385.00 0.00 19.60 19.25 0.00 0.98
395.00 0.00 19.50 19.75 0.00 0.98
405.00 0.00 18.00 20.25 0.00 0.90
415.00 0.00 15.00 20.75 0.00 0.75
425.00 0.00 10.00 21.25 0.00 0.50
435.00 0.00 5.00 21.75 0.00 0.25
445.00 0.00 3.00 22.25 0.00 0.15
455.00 0.00 -2.00 22.75 0.00 -0.10






Test No. T.9.9.2.022 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 20
Perpendicular Profile Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 120.00 -0.50 0.00 6.00 -0.03 -60.00 0.00 0.00 -3.00 0.00 0.00
0.00 110.00 0.04 0.00 5.50 0.00 -56.00 10.00 0.00 -2.80 0.50 0.00
0.00 100.00 0.50 0.00 5.00 0.03 -55.00 20.00 0.00 -2.75 1.00 0.00
0.00 90.00 1.00 0.00 4.50 0.05 -50.00 30.00 0.00 -2.50 1.50 0.00
0.00 80.00 -2.40 0.00 4.00 -0.12 -45.00 40.00 0.00 -2.25 2.00 0.00
0.00 70.00 -7.00 0.00 3.50 -0.35 -40.00 50.00 0.00 -2.00 2.50 0.00
0.00 60.00 -15.10 0.00 3.00 -0.76 -25.00 60.00 0.00 -1.25 3.00 0.00
0.00 50.00 -19.30 0.00 2.50 -0.97 -14.00 70.00 0.00 -0.70 3.50 0.00
0.00 40.00 -22.90 0.00 2.00 -1.15 -5.00 79.00 0.00 -0.25 3.95 0.00
0.00 30.00 -31.50 0.00 1.50 -1.58 5.00 85.00 0.00 0.25 4.25 0.00
0.00 20.00 -38.40 0.00 1.00 -1.92 15.00 90.00 0.00 0.75 4.50 0.00
0.00 10.00 -38.00 0.00 0.50 -1.90 25.00 95.00 0.00 1.25 4.75 0.00
0.00 0.00 -38.80 0.00 0.00 -1.94 35.00 100.00 0.00 1.75 5.00 0.00
0.00 -10.00 -39.60 0.00 -0.50 -1.98 45.00 102.00 0.00 2.25 5.10 0.00
0.00 -20.00 -37.60 0.00 -1.00 -1.88 55.00 100.00 0.00 2.75 5.00 0.00
0.00 -30.00 -30.10 0.00 -1.50 -1.51 65.00 98.00 0.00 3.25 4.90 0.00
0.00 -40.00 -22.30 0.00 -2.00 -1.12 75.00 94.00 0.00 3.75 4.70 0.00
0.00 -50.00 -18.30 0.00 -2.50 -0.92 85.00 89.00 0.00 4.25 4.45 0.00
0.00 -60.00 -12.30 0.00 -3.00 -0.62 95.00 85.00 0.00 4.75 4.25 0.00
0.00 -70.00 -6.90 0.00 -3.50 -0.35 105.00 80.00 0.00 5.25 4.00 0.00
0.00 -80.00 -1.40 0.00 -4.00 -0.07 115.00 72.00 0.00 5.75 3.60 0.00
0.00 -90.00 3.30 0.00 -4.50 0.17 125.00 63.00 0.00 6.25 3.15 0.00
0.00 -100.00 2.50 0.00 -5.00 0.13 130.00 60.00 0.00 6.50 3.00 0.00
0.00 -110.00 2.90 0.00 -5.50 0.15 140.00 50.00 0.00 7.00 2.50 0.00
0.00 -120.00 2.30 0.00 -6.00 0.12 149.00 40.00 0.00 7.45 2.00 0.00
150.00 30.00 0.00 7.50 1.50 0.00
152.00 20.00 0.00 7.60 1.00 0.00
142.00 10.00 0.00 7.10 0.50 0.00
142.00 -10.00 0.00 7.10 -0.50 0.00
152.00 -20.00 0.00 7.60 -1.00 0.00
150.00 -30.00 0.00 7.50 -1.50 0.00
149.00 -40.00 0.00 7.45 -2.00 0.00
140.00 -50.00 0.00 7.00 -2.50 0.00
130.00 -60.00 0.00 6.50 -3.00 0.00
125.00 -63.00 0.00 6.25 -3.15 0.00
115.00 -72.00 0.00 5.75 -3.60 0.00
105.00 -80.00 0.00 5.25 -4.00 0.00
95.00 -85.00 0.00 4.75 -4.25 0.00
85.00 -89.00 0.00 4.25 -4.45 0.00
75.00 -94.00 0.00 3.75 -4.70 0.00
65.00 -98.00 0.00 3.25 -4.90 0.00
55.00 -100.00 0.00 2.75 -5.00 0.00
45.00 -102.00 0.00 2.25 -5.10 0.00
35.00 -100.00 0.00 1.75 -5.00 0.00
25.00 -95.00 0.00 1.25 -4.75 0.00
15.00 -90.00 0.00 0.75 -4.50 0.00
5.00 -85.00 0.00 0.25 -4.25 0.00
-5.00 -79.00 0.00 -0.25 -3.95 0.00
-14.00 -70.00 0.00 -0.70 -3.50 0.00
-25.00 -60.00 0.00 -1.25 -3.00 0.00
-40.00 -50.00 0.00 -2.00 -2.50 0.00
-45.00 -40.00 0.00 -2.25 -2.00 0.00
-50.00 -30.00 0.00 -2.50 -1.50 0.00
-55.00 -20.00 0.00 -2.75 -1.00 0.00
-56.00 -10.00 0.00 -2.80 -0.50 0.00





Test No. T.9.9.2.022 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 20
Deposite Outline Deposite Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
75.00 105.00 1.70 3.75 5.25 -0.09 440.00 -10.00 1.40 22.00 -0.50 -0.07
85.00 109.00 1.90 4.25 5.45 -0.10 443.00 -20.00 2.10 22.15 -1.00 -0.11
95.00 110.00 2.30 4.75 5.50 -0.12 446.00 -30.00 1.90 22.30 -1.50 -0.10
105.00 110.00 1.80 5.25 5.50 -0.09 448.00 -40.00 1.30 22.40 -2.00 -0.07
115.00 110.00 1.70 5.75 5.50 -0.09 449.00 -50.00 0.20 22.45 -2.50 -0.01
125.00 109.00 3.30 6.25 5.45 -0.17 447.00 -60.00 -0.80 22.35 -3.00 0.04
135.00 107.00 2.50 6.75 5.35 -0.13 447.00 -70.00 0.50 22.35 -3.50 -0.03
145.00 105.00 3.10 7.25 5.25 -0.16 445.00 -79.00 1.30 22.25 -3.95 -0.07
155.00 105.00 2.20 7.75 5.25 -0.11 435.00 -81.00 2.60 21.75 -4.05 -0.13
165.00 104.00 1.90 8.25 5.20 -0.10 425.00 -82.00 2.80 21.25 -4.10 -0.14
175.00 102.00 2.70 8.75 5.10 -0.14 415.00 -84.00 2.90 20.75 -4.20 -0.15
185.00 102.00 3.60 9.25 5.10 -0.18 405.00 -84.00 2.80 20.25 -4.20 -0.14
195.00 102.00 0.70 9.75 5.10 -0.04 395.00 -84.00 2.00 19.75 -4.20 -0.10
205.00 101.00 1.30 10.25 5.05 -0.07 385.00 -84.00 2.60 19.25 -4.20 -0.13
215.00 99.00 2.90 10.75 4.95 -0.15 375.00 -85.00 3.40 18.75 -4.25 -0.17
225.00 98.00 1.80 11.25 4.90 -0.09 365.00 -87.00 1.10 18.25 -4.35 -0.06
235.00 97.00 1.90 11.75 4.85 -0.10 355.00 -90.00 1.50 17.75 -4.50 -0.08
245.00 96.00 2.60 12.25 4.80 -0.13 345.00 -92.00 0.70 17.25 -4.60 -0.04
255.00 96.00 2.80 12.75 4.80 -0.14 335.00 -93.00 1.90 16.75 -4.65 -0.10
265.00 95.00 2.10 13.25 4.75 -0.11 325.00 -95.00 1.30 16.25 -4.75 -0.07
275.00 95.00 2.80 13.75 4.75 -0.14 315.00 -95.00 0.80 15.75 -4.75 -0.04
285.00 94.00 2.50 14.25 4.70 -0.13 305.00 -95.00 1.80 15.25 -4.75 -0.09
295.00 94.00 1.30 14.75 4.70 -0.07 295.00 -94.00 1.30 14.75 -4.70 -0.07
305.00 95.00 1.80 15.25 4.75 -0.09 285.00 -94.00 2.50 14.25 -4.70 -0.13
315.00 95.00 0.80 15.75 4.75 -0.04 275.00 -95.00 2.80 13.75 -4.75 -0.14
325.00 95.00 1.30 16.25 4.75 -0.07 265.00 -95.00 2.10 13.25 -4.75 -0.11
335.00 93.00 1.90 16.75 4.65 -0.10 255.00 -96.00 2.80 12.75 -4.80 -0.14
345.00 92.00 0.70 17.25 4.60 -0.04 245.00 -96.00 2.60 12.25 -4.80 -0.13
355.00 90.00 1.50 17.75 4.50 -0.08 235.00 -97.00 1.90 11.75 -4.85 -0.10
365.00 87.00 1.10 18.25 4.35 -0.06 225.00 -98.00 1.80 11.25 -4.90 -0.09
375.00 85.00 3.40 18.75 4.25 -0.17 215.00 -99.00 2.90 10.75 -4.95 -0.15
385.00 84.00 2.60 19.25 4.20 -0.13 205.00 -101.00 1.30 10.25 -5.05 -0.07
395.00 84.00 2.00 19.75 4.20 -0.10 195.00 -102.00 0.70 9.75 -5.10 -0.04
405.00 84.00 2.80 20.25 4.20 -0.14 185.00 -102.00 3.60 9.25 -5.10 -0.18
415.00 84.00 2.90 20.75 4.20 -0.15 175.00 -102.00 2.70 8.75 -5.10 -0.14
425.00 82.00 2.80 21.25 4.10 -0.14 165.00 -104.00 1.90 8.25 -5.20 -0.10
435.00 81.00 2.60 21.75 4.05 -0.13 155.00 -105.00 2.20 7.75 -5.25 -0.11
445.00 79.00 1.30 22.25 3.95 -0.07 145.00 -105.00 3.10 7.25 -5.25 -0.16
447.00 70.00 0.50 22.35 3.50 -0.03 135.00 -107.00 2.50 6.75 -5.35 -0.13
447.00 60.00 -0.80 22.35 3.00 0.04 125.00 -109.00 3.30 6.25 -5.45 -0.17
449.00 50.00 0.20 22.45 2.50 -0.01 115.00 -110.00 1.70 5.75 -5.50 -0.09
448.00 40.00 1.30 22.40 2.00 -0.07 105.00 -110.00 1.80 5.25 -5.50 -0.09
446.00 30.00 1.90 22.30 1.50 -0.10 95.00 -110.00 2.30 4.75 -5.50 -0.12
443.00 20.00 2.10 22.15 1.00 -0.11 85.00 -109.00 1.90 4.25 -5.45 -0.10
440.00 10.00 1.40 22.00 0.50 -0.07 75.00 -105.00 1.70 3.75 -5.25 -0.09
439.00 0.00 0.00 21.95 0.00 0.00






Test No. T.9.9.3.033 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 30
Length Wise Profiles Length Wise Profiles
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-115 0.00 0.00 -3.83 0.00 0.00 545.00 0.00 20.60 18.17 0.00 0.69
-105 0.00 -0.33 -3.50 0.00 -0.01 555.00 0.00 21.20 18.50 0.00 0.71
-95 0.00 -7.70 -3.17 0.00 -0.26 565.00 0.00 20.80 18.83 0.00 0.69
-85 0.00 -17.20 -2.83 0.00 -0.57 575.00 0.00 20.90 19.17 0.00 0.70
-75 0.00 -21.70 -2.50 0.00 -0.72 585.00 0.00 21.50 19.50 0.00 0.72
-65 0.00 -30.10 -2.17 0.00 -1.00 595.00 0.00 22.20 19.83 0.00 0.74
-55 0.00 -39.60 -1.83 0.00 -1.32 605.00 0.00 22.60 20.17 0.00 0.75
-45 0.00 -48.30 -1.50 0.00 -1.61 615.00 0.00 22.50 20.50 0.00 0.75
-35 0.00 -54.70 -1.17 0.00 -1.82 625.00 0.00 22.40 20.83 0.00 0.75
-25 0.00 -61.50 -0.83 0.00 -2.05 635.00 0.00 23.00 21.17 0.00 0.77
-15 0.00 -67.10 -0.50 0.00 -2.24 645.00 0.00 22.30 21.50 0.00 0.74
-5 0.00 -60.50 -0.17 0.00 -2.02 655.00 0.00 21.80 21.83 0.00 0.73
5 0.00 -60.50 0.17 0.00 -2.02 665.00 0.00 22.20 22.17 0.00 0.74
15 0.00 -53.90 0.50 0.00 -1.80 675.00 0.00 22.40 22.50 oh 0.75
25 0.00 -53.30 0.83 0.00 -1.78 685.00 0.00 22.20 22.83 0.00 0.74
35 0.00 -51.00 1.17 0.00 -1.70 695.00 0.00 23.80 23.17 0.00 0.79
45 0.00 -47.80 1.50 0.00 -1.59 705.00 0.00 22.50 23.50 0.00 0.75
55 0.00 -45.40 1.83 0.00 -1.51 715.00 0.00 21.90 23.83 0.00 0.73
65 0.00 -43.40 2.17 0.00 -1.45 725.00 0.00 21.80 24.17 0.00 0.73
75 0.00 -41.50 2.50 0.00 -1.38 735.00 0.00 20.50 24.50 0.00 0.68
85 0.00 -39.80 2.83 0.00 -1.33 745.00 0.00 20.00 24.83 0.00 0.67
95 0.00 -37.30 3.17 0.00 -1.24 755.00 0.00 18.60 25.17 0.00 0.62
105 0.00 -35.00 3.50 0.00 -1.17 765.00 0.00 17.30 25.50 0.00 0.58
115 0.00 -33.60 3.83 0.00 -1.12 775.00 0.00 16.70 25.83 0.00 0.56
125 0.00 -32.20 4.17 0.00 -1.07 785.00 0.00 9.80 26.17 0.00 0.33
135 0.00 -28.70 4.50 0.00 -0.96 795.00 0.00 3.60 26.50 0.00 0.12
145 0.00 -26.30 4.83 0.00 -0.88 805.00 0.00 -3.80 26.83 0.00 -0.13
155 0.00 -22.50 5.17 0.00 -0.75 815.00 0.00 -7.70 27.17 0.00 -0.26
165 0.00 -22.00 5.50 0.00 -0.73 825.00 0.00 -11.80 27.50 0.00 -0.39
175 0.00 -19.00 5.83 0.00 -0.63 835.00 0.00 -12.50 27.83 0.00 -0.42
185 0.00 -17.30 6.17 0.00 -0.58 845.00 0.00 -14.80 28.17 0.00 -0.49
195 0.00 -14.40 6.50 0.00 -0.48 855.00 0.00 -17.80 28.50 0.00 -0.59
205 0.00 -13.50 6.83 0.00 -0.45 865.00 0.00 -18.90 28.83 0.00 -0.63
215 0.00 -11.50 7.17 0.00 -0.38 875.00 0.00 -19.60 29.17 0.00 -0.65
225 0.00 -9.00 7.50 0.00 -0.30 885.00 0.00 -21.70 29.50 0.00 -0.72
235 0.00 -6.70 7.83 0.00 -0.22 895.00 0.00 -20.80 29.83 0.00 -0.69
245 0.00 -5.00 8.17 0.00 -0.17
255 0.00 -2.50 8.50 0.00 -0.08
265 0.00 -1.70 8.83 0.00 -0.06
275 0.00 0.60 9.17 0.00 0.02
285 0.00 2.20 9.50 0.00 0.07
295 0.00 4.50 9.83 0.00 0.15
305 0.00 6.10 10.17 0.00 0.20
315 0.00 7.40 10.50 0.00 0.25
325 0.00 7.50 10.83 0.00 0.25
335 0.00 8.10 11.17 0.00 0.27
345 0.00 8.50 11.50 0.00 0.28
355 0.00 10.00 11.83 0.00 0.33
365 0.00 9.30 12.17 0.00 0.31
375 0.00 9.90 12.50 0.00 0.33
385 0.00 10.20 12.83 0.00 0.34
395 0.00 11.80 13.17 0.00 0.39
405 0.00 11.70 13.50 0.00 0.39
415 0.00 11.80 13.83 0.00 0.39
425 0.00 13.60 14.17 0.00 0.45
435 0.00 13.80 14.50 0.00 0.46
445 0.00 15.00 14.83 0.00 0.50
455 0.00 16.00 15.17 0.00 0.53
465 0.00 18.00 15.50 0.00 0.60
475 0.00 17.50 15.83 0.00 0.58
485 0.00 18.70 16.17 0.00 0.62
495 0.00 19.20 16.50 0.00 0.64
505 0.00 19.80 16.83 0.00 0.66
515 0.00 20.20 17.17 0.00 0.67
525 0.00 19.20 17.50 0.00 0.64





Test No. T.9.9.3.033 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 30
Mid Profile Mid Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm)Y (mm)Z (mm)X/D Y/D Z/D
-115.00 9.50 -1.10 -3.83 0.32 -0.04 545.00 9.50 6.90 18.17 0.32 0.23
-105.00 9.50 -0.90 -3.50 0.32 -0.03 555.00 9.50 6.30 18.50 0.32 0.21
-95.00 9.50 0.50 -3.17 0.32 0.02 565.00 9.50 5.90 18.83 0.32 0.20
-85.00 9.50 -0.10 -2.83 0.32 0.00 575.00 9.50 7.50 19.17 0.32 0.25
-75.00 9.50 -1.10 -2.50 0.32 -0.04 585.00 9.50 7.70 19.50 0.32 0.26
-65.00 9.50 -1.10 -2.17 0.32 -0.04 595.00 9.50 8.40 19.83 0.32 0.28
-55.00 9.50 -1.30 -1.83 0.32 -0.04 605.00 9.50 8.70 20.17 0.32 0.29
-45.00 9.50 -3.40 -1.50 0.32 -0.11 615.00 9.50 9.50 20.50 0.32 0.32
-35.00 9.50 -8.60 -1.17 0.32 -0.29 625.00 9.50 9.10 20.83 0.32 0.30
-25.00 9.50 -14.00 -0.83 0.32 -0.47 635.00 9.50 9.60 21.17 0.32 0.32
-15.00 9.50 -17.90 -0.50 0.32 -0.60 645.00 9.50 9.70 21.50 0.32 0.32
-5.00 9.50 -22.90 -0.17 0.32 -0.76 655.00 9.50 9.90 21.83 0.32 0.33
5.00 9.50 -24.10 0.17 0.32 -0.80 665.00 9.50 10.30 22.17 0.32 0.34
15.00 9.50 -26.90 0.50 0.32 -0.90 675.00 9.50 9.80 22.50 0.32 0.33
25.00 9.50 -27.60 0.83 0.32 -0.92 685.00 9.50 10.90 22.83 0.32 0.36
35.00 9.50 -31.00 1.17 0.32 -1.03 695.00 9.50 10.00 23.17 0.32 0.33
45.00 9.50 -32.10 1.50 0.32 -1.07 705.00 9.50 10.30 23.50 0.32 0.34
55.00 9.50 -33.00 1.83 0.32 -1.10 715.00 9.50 9.90 23.83 0.32 0.33
65.00 9.50 -34.10 2.17 0.32 -1.14 725.00 9.50 10.50 24.17 0.32 0.35
75.00 9.50 -34.00 2.50 0.32 -1.13 735.00 9.50 10.40 24.50 0.32 0.35
85.00 9.50 -33.70 2.83 0.32 -1.12 745.00 9.50 9.50 24.83 0.32 0.32
95.00 9.50 -33.30 3.17 0.32 -1.11 755.00 9.50 10.30 25.17 0.32 0.34
105.00 9.50 -32.50 3.50 0.32 -1.08 765.00 9.50 10.30 25.50 0.32 0.34
115.00 9.50 -31.50 3.83 0.32 -1.05 775.00 9.50 9.90 25.83 0.32 0.33
125.00 9.50 -31.60 4.17 0.32 -1.05 785.00 9.50 10.10 26.17 0.32 0.34
135.00 9.50 -27.10 4.50 0.32 -0.90 795.00 9.50 9.50 26.50 0.32 0.32
145.00 9.50 -27.20 4.83 0.32 -0.91 805.00 9.50 10.80 26.83 0.32 0.36
155.00 9.50 -26.30 5.17 0.32 -0.88 815.00 9.50 10.30 27.17 0.32 0.34
165.00 9.50 -24.90 5.50 0.32 -0.83 825.00 9.50 10.80 27.50 0.32 0.36
175.00 9.50 -22.90 5.83 0.32 -0.76 835.00 9.50 5.80 27.83 0.32 0.19
185.00 9.50 -19.40 6.17 0.32 -0.65 845.00 9.50 -1.10 28.17 0.32 -0.04
195.00 9.50 -18.40 6.50 0.32 -0.61 855.00 9.50 -8.20 28.50 0.32 -0.27
205.00 9.50 -14.60 6.83 0.32 -0.49 865.00 9.50 -16.10 28.83 0.32 -0.54
215.00 9.50 -12.20 7.17 0.32 -0.41 875.00 9.50 -15.30 29.17 0.32 -0.51
225.00 9.50 -9.80 7.50 0.32 -0.33 885.00 9.50 -15.20 29.50 0.32 -0.51
235.00 9.50 -7.50 7.83 0.32 -0.25 895.00 9.50 -13.90 29.83 0.32 -0.46
245.00 9.50 -6.10 8.17 0.32 -0.20
255.00 9.50 -3.30 8.50 0.32 -0.11
265.00 9.50 -2.90 8.83 0.32 -0.10
275.00 9.50 -0.60 9.17 0.32 -0.02
285.00 9.50 1.50 9.50 0.32 0.05
295.00 9.50 2.10 9.83 0.32 0.07
305.00 9.50 1.30 10.17 0.32 0.04
315.00 9.50 1.70 10.50 0.32 0.06
325.00 9.50 0.80 10.83 0.32 0.03
335.00 9.50 0.70 11.17 0.32 0.02
345.00 9.50 0.00 11.50 0.32 0.00
355.00 9.50 1.20 11.83 0.32 0.04
365.00 9.50 2.50 12.17 0.32 0.08
375.00 9.50 3.30 12.50 0.32 0.11
385.00 9.50 3.10 12.83 0.32 0.10
395.00 9.50 3.50 13.17 0.32 0.12
405.00 9.50 4.80 13.50 0.32 0.16
415.00 9.50 5.00 13.83 0.32 0.17
425.00 9.50 4.80 14.17 0.32 0.16
435.00 9.50 5.20 14.50 0.32 0.17
445.00 9.50 5.20 14.83 0.32 0.17
455.00 9.50 4.80 15.17 0.32 0.16
465.00 9.50 5.30 15.50 0.32 0.18
475.00 9.50 6.30 15.83 0.32 0.21
485.00 9.50 5.50 16.17 0.32 0.18
495.00 9.50 5.50 16.50 0.32 0.18
505.00 9.50 5.80 16.83 0.32 0.19
515.00 9.50 6.30 17.17 0.32 0.21
525.00 9.50 6.50 17.50 0.32 0.22




Test No. T.9.9.3.033 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 30
Perpendicular Profile
X (mm) Y (mm) Z (mm) X/D Y/D Z/D
0.00 180.00 -0.20 0.00 6.00 -0.01
0.00 170.00 0.50 0.00 5.67 0.02
0.00 160.00 -0.30 0.00 5.33 -0.01
0.00 150.00 -1.10 0.00 5.00 -0.04
0.00 140.00 -3.70 0.00 4.67 -0.12
0.00 130.00 -7.80 0.00 4.33 -0.26
0.00 120.00 -13.00 0.00 4.00 -0.43
0.00 110.00 -18.00 0.00 3.67 -0.60
0.00 100.00 -23.10 0.00 3.33 -0.77
0.00 90.00 -27.40 0.00 3.00 -0.91
0.00 80.00 -31.70 0.00 2.67 -1.06
0.00 70.00 -36.20 0.00 2.33 -1.21
0.00 60.00 -43.90 0.00 2.00 -1.46
0.00 50.00 -51.90 0.00 1.67 -1.73
0.00 40.00 -59.30 0.00 1.33 -1.98
0.00 30.00 -62.70 0.00 1.00 -2.09
0.00 20.00 -61.90 0.00 0.67 -2.06
0.00 15.00 -61.80 0.00 0.50 -2.06
0.00 0.00 -61.25 0.00 0.00 -2.04
0.00 0.00 -61.25 0.00 0.00 -2.04
0.00 -15.00 -60.70 0.00 -0.50 -2.02
0.00 -20.00 -63.70 0.00 -0.67 -2.12
0.00 -30.00 -56.80 0.00 -1.00 -1.89
0.00 -40.00 -49.00 0.00 -1.33 -1.63
0.00 -50.00 -42.10 0.00 -1.67 -1.40
0.00 -60.00 -34.90 0.00 -2.00 -1.16
0.00 -70.00 -29.00 0.00 -2.33 -0.97
0.00 -80.00 -25.30 0.00 -2.67 -0.84
0.00 -90.00 -21.30 0.00 -3.00 -0.71
0.00 -100.00 -16.10 0.00 -3.33 -0.54
0.00 -110.00 -10.50 0.00 -3.67 -0.35
0.00 -120.00 -5.50 0.00 -4.00 -0.18
0.00 -130.00 -1.90 0.00 -4.33 -0.06
0.00 -140.00 1.50 0.00 -4.67 0.05
0.00 -150.00 1.30 0.00 -5.00 0.04




Test No. T.9.9.3.033 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 30
Scour Hole Outline Scour Hole Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
-99.00 0.00 0.00 -3.30 0.00 0.00 253.00 0.00 0.00 8.43 0.00 0.00
-97.00 10.00 0.00 -3.23 0.33 0.00 255.00 -10.00 0.00 8.50 -0.33 0.00
-97.00 20.00 0.00 -3.23 0.67 0.00 264.00 -20.00 0.00 8.80 -0.67 0.00
-96.00 30.00 0.00 -3.20 1.00 0.00 266.00 -30.00 0.00 8.87 -1.00 0.00
-95.00 40.00 0.00 -3.17 1.33 0.00 272.00 -40.00 0.00 9.07 -1.33 0.00
-91.00 50.00 0.00 -3.03 1.67 0.00 278.00 -50.00 0.00 9.27 -1.67 0.00
-85.00 60.00 0.00 -2.83 2.00 0.00 279.00 -60.00 0.00 9.30 -2.00 0.00
-76.00 70.00 0.00 -2.53 2.33 0.00 279.00 -70.00 0.00 9.30 -2.33 0.00
-68.00 80.00 0.00 -2.27 2.67 0.00 278.00 -80.00 0.00 9.27 -2.67 0.00
-56.00 90.00 0.00 -1.87 3.00 0.00 276.00 -90.00 0.00 9.20 -3.00 0.00
-45.00 99.00 0.00 -1.50 3.30 0.00 270.00 -100.00 0.00 9.00 -3.33 0.00
-35.00 107.00 0.00 -1.17 3.57 0.00 257.00 -110.00 0.00 8.57 -3.67 0.00
-25.00 116.00 0.00 -0.83 3.87 0.00 250.00 -120.00 0.00 8.33 -4.00 0.00
-15.00 124.00 0.00 -0.50 4.13 0.00 245.00 -125.00 0.00 8.17 -4.17 0.00
-5.00 135.00 0.00 -0.17 4.50 0.00 235.00 -131.00 0.00 7.83 -4.37 0.00
5.00 144.00 0.00 0.17 4.80 0.00 225.00 -140.00 0.00 7.50 -4.67 0.00
15.00 151.00 0.00 0.50 5.03 0.00 215.00 -144.00 0.00 7.17 -4.80 0.00
25.00 156.00 0.00 0.83 5.20 0.00 205.00 -148.00 0.00 6.83 -4.93 0.00
35.00 163.00 0.00 1.17 5.43 0.00 195.00 -154.00 0.00 6.50 -5.13 0.00
45.00 168.00 0.00 1.50 5.60 0.00 185.00 -157.00 0.00 6.17 -5.23 0.00
55.00 171.00 0.00 1.83 5.70 0.00 175.00 -158.00 0.00 5.83 -5.27 0.00
65.00 173.00 0.00 2.17 5.77 0.00 165.00 -163.00 0.00 5.50 -5.43 0.00
75.00 173.00 0.00 2.50 5.77 0.00 155.00 -168.00 0.00 5.17 -5.60 0.00
85.00 176.00 0.00 2.83 5.87 0.00 145.00 -169.00 0.00 4.83 -5.63 0.00
95.00 176.00 0.00 3.17 5.87 0.00 135.00 -169.00 0.00 4.50 -5.63 0.00
105.00 175.00 0.00 3.50 5.83 0.00 125.00 -172.00 0.00 4.17 -5.73 0.00
115.00 173.00 0.00 3.83 5.77 0.00 115.00 -173.00 0.00 3.83 -5.77 0.00
125.00 172.00 0.00 4.17 5.73 0.00 105.00 -175.00 0.00 3.50 -5.83 0.00
135.00 169.00 0.00 4.50 5.63 0.00 95.00 -176.00 0.00 3.17 -5.87 0.00
145.00 169.00 0.00 4.83 5.63 0.00 85.00 -176.00 0.00 2.83 -5.87 0.00
155.00 168.00 0.00 5.17 5.60 0.00 75.00 -173.00 0.00 2.50 -5.77 0.00
165.00 163.00 0.00 5.50 5.43 0.00 65.00 -173.00 0.00 2.17 -5.77 0.00
175.00 158.00 0.00 5.83 5.27 0.00 55.00 -171.00 0.00 1.83 -5.70 0.00
185.00 157.00 0.00 6.17 5.23 0.00 45.00 -168.00 0.00 1.50 -5.60 0.00
195.00 154.00 0.00 6.50 5.13 0.00 35.00 -163.00 0.00 1.17 -5.43 0.00
205.00 148.00 0.00 6.83 4.93 0.00 25.00 -156.00 0.00 0.83 -5.20 0.00
215.00 144.00 0.00 7.17 4.80 0.00 15.00 -151.00 0.00 0.50 -5.03 0.00
225.00 140.00 0.00 7.50 4.67 0.00 5.00 -144.00 0.00 0.17 -4.80 0.00
235.00 131.00 0.00 7.83 4.37 0.00 -5.00 -135.00 0.00 -0.17 -4.50 0.00
245.00 125.00 0.00 8.17 4.17 0.00 -15.00 -124.00 0.00 -0.50 -4.13 0.00
250.00 120.00 0.00 8.33 4.00 0.00 -25.00 -116.00 0.00 -0.83 -3.87 0.00
257.00 110.00 0.00 8.57 3.67 0.00 -35.00 -107.00 0.00 -1.17 -3.57 0.00
270.00 100.00 0.00 9.00 3.33 0.00 -45.00 -99.00 0.00 -1.50 -3.30 0.00
276.00 90.00 0.00 9.20 3.00 0.00 -56.00 -90.00 0.00 -1.87 -3.00 0.00
278.00 80.00 0.00 9.27 2.67 0.00 -68.00 -80.00 0.00 -2.27 -2.67 0.00
279.00 70.00 0.00 9.30 2.33 0.00 -76.00 -70.00 0.00 -2.53 -2.33 0.00
279.00 60.00 0.00 9.30 2.00 0.00 -85.00 -60.00 0.00 -2.83 -2.00 0.00
278.00 50.00 0.00 9.27 1.67 0.00 -91.00 -50.00 0.00 -3.03 -1.67 0.00
272.00 40.00 0.00 9.07 1.33 0.00 -95.00 -40.00 0.00 -3.17 -1.33 0.00
266.00 30.00 0.00 8.87 1.00 0.00 -96.00 -30.00 0.00 -3.20 -1.00 0.00
264.00 20.00 0.00 8.80 0.67 0.00 -97.00 -20.00 0.00 -3.23 -0.67 0.00
255.00 10.00 0.00 8.50 0.33 0.00 -97.00 -10.00 0.00 -3.23 -0.33 0.00




Test No. T.9.9.3.033 Flume Width (mm) 900
Velocity (m/sec) 0.29 Pier Diameter (mm) 30
Deposite Outline Deposite Outline
X (mm) Y (mm) Z (mm) X/D Y/D Z/D X (mm) Y (mm) Z (mm) X/D Y/D Z/D
115.00 182.00 -0.80 3.83 6.07 -0.03 815.00 0.00 -6.30 27.17 0.00 -0.21
125.00 183.00 -1.40 4.17 6.10 -0.05 829.00 -10.00 -10.80 27.63 -0.33 -0.36
135.00 184.00 -0.20 4.50 6.13 -0.01 841.00 -20.00 -10.00 28.03 -0.67 -0.33
145.00 184.00 -0.40 4.83 6.13 -0.01 847.00 -30.00 -9.00 28.23 -1.00 -0.30
155.00 184.00 -0.10 5.17 6.13 0.00 851.00 -40.00 -3.30 28.37 -1.33 -0.11
165.00 185.00 -0.50 5.50 6.17 -0.02 854.00 -50.00 -4.60 28.47 -1.67 -0.15
175.00 185.00 -0.50 5.83 6.17 -0.02 861.00 -60.00 -7.40 28.70 -2.00 -0.25
185.00 188.00 -0.50 6.17 6.27 -0.02 862.00 -70.00 -7.90 28.73 -2.33 -0.26
195.00 189.00 0.10 6.50 6.30 0.00 862.00 -80.00 -11.50 28.73 -2.67 -0.38
205.00 190.00 0.50 6.83 6.33 0.02 866.00 -90.00 -13.80 28.87 -3.00 -0.46
215.00 193.00 0.50 7.17 6.43 0.02 866.00 -100.00 -17.20 28.87 -3.33 -0.57
225.00 199.00 0.30 7.50 6.63 0.01 865.00 -110.00 -18.90 28.83 -3.67 -0.63
235.00 199.00 1.10 7.83 6.63 0.04 856.00 -120.00 -15.10 28.53 -4.00 -0.50
245.00 199.00 0.80 8.17 6.63 0.03 850.00 -130.00 -13.30 28.33 -4.33 -0.44
255.00 201.00 1.00 8.50 6.70 0.03 842.00 -140.00 -9.40 28.07 -4.67 -0.31
265.00 202.00 0.30 8.83 6.73 0.01 839.00 -150.00 -7.30 27.97 -5.00 -0.24
275.00 202.00 1.00 9.17 6.73 0.03 837.00 -160.00 -4.50 27.90 -5.33 -0.15
285.00 202.00 0.70 9.50 6.73 0.02 835.00 -165.00 -2.70 27.83 -5.50 -0.09
295.00 204.00 1.10 9.83 6.80 0.04 825.00 -169.00 -1.80 27.50 -5.63 -0.06
305.00 204.00 1.10 10.17 6.80 0.04 815.00 -169.00 -2.00 27.17 -5.63 -0.07
315.00 205.00 1.30 10.50 6.83 0.04 805.00 -172.00 -1.70 26.83 -5.73 -0.06
325.00 205.00 -0.20 10.83 6.83 -0.01 795.00 -176.00 -1.60 26.50 -5.87 -0.05
335.00 205.00 1.30 11.17 6.83 0.04 785.00 -180.00 -1.00 26.17 -6.00 -0.03
345.00 205.00 0.50 11.50 6.83 0.02 775.00 -182.00 -0.90 25.83 -6.07 -0.03
355.00 205.00 0.30 11.83 6.83 0.01 765.00 -185.00 -0.80 25.50 -6.17 -0.03
365.00 205.00 -0.40 12.17 6.83 -0.01 755.00 -187.00 0.30 25.17 -6.23 0.01
375.00 205.00 0.30 12.50 6.83 0.01 745.00 -188.00 -0.30 24.83 -6.27 -0.01
385.00 205.00 -0.70 12.83 6.83 -0.02 735.00 -191.00 -0.40 24.50 -6.37 -0.01
395.00 205.00 -0.60 13.17 6.83 -0.02 725.00 -192.00 -0.50 24.17 -6.40 -0.02
405.00 205.00 -0.90 13.50 6.83 -0.03 715.00 -194.00 0.30 23.83 -6.47 0.01
415.00 205.00 -1.90 13.83 6.83 -0.06 705.00 -194.00 -0.50 23.50 -6.47 -0.02
425.00 205.00 -2.20 14.17 6.83 -0.07 695.00 -195.00 -0.40 23.17 -6.50 -0.01
435.00 205.00 -1.50 14.50 6.83 -0.05 685.00 -198.00 0.30 22.83 -6.60 0.01
445.00 205.00 -2.40 14.83 6.83 -0.08 675.00 -199.00 -0.90 22.50 -6.63 -0.03
455.00 205.00 -2.00 15.17 6.83 -0.07 665.00 -201.00 -0.40 22.17 -6.70 -0.01
465.00 205.00 -2.30 15.50 6.83 -0.08 655.00 -202.00 -1.00 21.83 -6.73 -0.03
475.00 205.00 -2.30 15.83 6.83 -0.08 645.00 -203.00 -2.50 21.50 -6.77 -0.08
485.00 205.00 -1.30 16.17 6.83 -0.04 635.00 -205.00 -2.00 21.17 -6.83 -0.07
495.00 205.00 -2.60 16.50 6.83 -0.09 625.00 -205.00 -1.70 20.83 -6.83 -0.06
505.00 205.00 -1.60 16.83 6.83 -0.05 615.00 -205.00 -1.10 20.50 -6.83 -0.04
515.00 205.00 -1.60 17.17 6.83 -0.05 605.00 -205.00 -2.20 20.17 -6.83 -0.07
525.00 205.00 -0.80 17.50 6.83 -0.03 595.00 -205.00 -0.40 19.83 -6.83 -0.01
535.00 205.00 -1.00 17.83 6.83 -0.03 585.00 -205.00 -0.30 19.50 -6.83 -0.01
545.00 205.00 -1.00 18.17 6.83 -0.03 575.00 -205.00 -1.70 19.17 -6.83 -0.06
555.00 205.00 -1.00 18.50 6.83 -0.03 565.00 -205.00 -1.00 18.83 -6.83 -0.03
565.00 205.00 -1.00 18.83 6.83 -0.03 555.00 -205.00 -1.00 18.50 -6.83 -0.03
575.00 205.00 -1.70 19.17 6.83 -0.06 545.00 -205.00 -1.00 18.17 -6.83 -0.03
585.00 205.00 -0.30 19.50 6.83 -0.01 535.00 -205.00 -1.00 17.83 -6.83 -0.03
595.00 205.00 -0.40 19.83 6.83 -0.01 525.00 -205.00 -0.80 17.50 -6.83 -0.03
605.00 205.00 -2.20 20.17 6.83 -0.07 515.00 -205.00 -1.60 17.17 -6.83 -0.05
615.00 205.00 -1.10 20.50 6.83 -0.04 505.00 -205.00 -1.60 16.83 -6.83 -0.05
625.00 205.00 -1.70 20.83 6.83 -0.06 495.00 -205.00 -2.60 16.50 -6.83 -0.09
635.00 205.00 -2.00 21.17 6.83 -0.07 485.00 -205.00 -1.30 16.17 -6.83 -0.04
645.00 203.00 -2.50 21.50 6.77 -0.08 475.00 -205.00 -2.30 15.83 -6.83 -0.08
655.00 202.00 -1.00 21.83 6.73 -0.03 465.00 -205.00 -2.30 15.50 -6.83 -0.08
665.00 201.00 -0.40 22.17 6.70 -0.01 455.00 -205.00 -2.00 15.17 -6.83 -0.07
675.00 199.00 -0.90 22.50 6.63 -0.03 445.00 -205.00 -2.40 14.83 -6.83 -0.08
685.00 198.00 0.30 22.83 6.60 0.01 435.00 -205.00 -1.50 14.50 -6.83 -0.05
695.00 195.00 -0.40 23.17 6.50 -0.01 425.00 -205.00 -2.20 14.17 -6.83 -0.07
705.00 194.00 -0.50 23.50 6.47 -0.02 415.00 -205.00 -1.90 13.83 -6.83 -0.06
715.00 194.00 0.30 23.83 6.47 0.01 405.00 -205.00 -0.90 13.50 -6.83 -0.03
725.00 192.00 -0.50 24.17 6.40 -0.02 395.00 -205.00 -0.60 13.17 -6.83 -0.02
735.00 191.00 -0.40 24.50 6.37 -0.01 385.00 -205.00 -0.70 12.83 -6.83 -0.02
745.00 188.00 -0.30 24.83 6.27 -0.01 375.00 -205.00 0.30 12.50 -6.83 0.01
755.00 187.00 0.30 25.17 6.23 0.01 365.00 -205.00 -0.40 12.17 -6.83 -0.01
765.00 185.00 -0.80 25.50 6.17 -0.03 355.00 -205.00 0.30 11.83 -6.83 0.01
775.00 182.00 -0.90 25.83 6.07 -0.03 345.00 -205.00 0.50 11.50 -6.83 0.02
785.00 180.00 -1.00 26.17 6.00 -0.03 335.00 -205.00 1.30 11.17 -6.83 0.04
795.00 176.00 -1.60 26.50 5.87 -0.05 325.00 -205.00 -0.20 10.83 -6.83 -0.01
805.00 172.00 -1.70 26.83 5.73 -0.06 315.00 -205.00 1.30 10.50 -6.83 0.04
815.00 169.00 -2.00 27.17 5.63 -0.07 305.00 -204.00 1.10 10.17 -6.80 0.04
825.00 169.00 -1.80 27.50 5.63 -0.06 295.00 -204.00 1.10 9.83 -6.80 0.04
835.00 165.00 -2.70 27.83 5.50 -0.09 285.00 -202.00 0.70 9.50 -6.73 0.02
837.00 160.00 -4.50 27.90 5.33 -0.15 275.00 -202.00 1.00 9.17 -6.73 0.03
839.00 150.00 -7.30 27.97 5.00 -0.24 265.00 -202.00 0.30 8.83 -6.73 0.01
842.00 140.00 -9.40 28.07 4.67 -0.31 255.00 -201.00 1.00 8.50 -6.70 0.03
850.00 130.00 -13.30 28.33 4.33 -0.44 245.00 -199.00 0.80 8.17 -6.63 0.03
856.00 120.00 -15.10 28.53 4.00 -0.50 235.00 -199.00 1.10 7.83 -6.63 0.04
865.00 110.00 -18.90 28.83 3.67 -0.63 225.00 -199.00 0.30 7.50 -6.63 0.01
866.00 100.00 -17.20 28.87 3.33 -0.57 215.00 -193.00 0.50 7.17 -6.43 0.02
866.00 90.00 -13.80 28.87 3.00 -0.46 205.00 -190.00 0.50 6.83 -6.33 0.02
862.00 80.00 -11.50 28.73 2.67 -0.38 195.00 -189.00 0.10 6.50 -6.30 0.00
862.00 70.00 -7.90 28.73 2.33 -0.26 185.00 -188.00 -0.50 6.17 -6.27 -0.02
861.00 60.00 -7.40 28.70 2.00 -0.25 175.00 -185.00 -0.50 5.83 -6.17 -0.02
854.00 50.00 -4.60 28.47 1.67 -0.15 165.00 -185.00 -0.50 5.50 -6.17 -0.02
851.00 40.00 -3.30 28.37 1.33 -0.11 155.00 -184.00 -0.10 5.17 -6.13 0.00
847.00 30.00 -9.00 28.23 1.00 -0.30 145.00 -184.00 -0.40 4.83 -6.13 -0.01
841.00 20.00 -10.00 28.03 0.67 -0.33 135.00 -184.00 -0.20 4.50 -6.13 -0.01
829.00 10.00 -10.80 27.63 0.33 -0.36 125.00 -183.00 -1.40 4.17 -6.10 -0.05





























License and terms and conditions to use Figure 2.7: Large Scale Test, D/B = 6.15, Sheppard et al. 
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